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ABSTRACT
T ra n sa n n u la r  r e a c t io n s  o ccu r In  medium r in g  (8 -11  carb o n  
atom s) carbonium  io n ,  r a d i c a l ,  and ca rb en e  p ro c e s s e s .  By u se  o f  
s e v e ra l  d eu te riu m  la b e l l e d  c y c lo o c ty lm e ta l  compounds, th e  p o s s i b i l i t y  
o f  t r a n s a n n u la r  rea rran g em en t o r  e l im in a t io n  r e s u l t i n g  from  a  c a rb an - 
io n ic  in te rm e d ia te  h as  b een  in v e s t ig a te d .  D e r iv a t iv e s  w ere p re p a red  
from  a -d e u te r io c y c lo o c ty l  c h lo r id e  th ro u g h  th e  alkylm agnesium  c h lo r id e  
and a lk y l l l th lu m  w ith o u t lo s s  o f  d e u te r iu m  from  th e  a lp h a  p o s i t io n .  
R ea c tio n  o f  o - d e u te r io c y c lo o c ty l l i th lu m  i n  p en tan e  r e s u l t s  in  form a­
t io n  o f  c y c lo o c te n e - l - d ,  b u t  a -d e u te r io c y c lo o c ty ls o d iu m  in  p en tan e  
so lv e n t  g iv e s  c y c lo o c te n e -c l, i n  w hich th e  d eu te riu m  h as  been  scram bled  
from th e  a lp h a  p o s i t i o n .  T hus, in c r e a s in g  io n ic  c h a r a c te r  o f  th e  
carb o n  m e ta l bond in  th e  s e r i e s  Mg < L i <  Na f i n a l l y  le a d s  to  c a rb an - 
io n ic  rea rran g em en t in  th e  c a s e  o f  c y c lo o c ty lso d iu m . A s m a lle r  amount 
o f  rea rran g em en t was found i n  th e  c a se  o f  cyclo h ex y lso d iu m . Compari­
son o f  th e  amounts o f  re a rra n g em e n t found in  s ix -  and eight-m em bered 
r in g s  shows th e  fo rm er i s  b e s t  e x p la in e d  by 1 ,2  p ro to n  s h i f t s  and th e  
l a t t e r  by t r a n s a n n u la r  p ro to n  s h i f t s .  T ra n sa n n u la r  e l im in a t io n  from 
c y c lo o c ty lm e ta l compounds was n o t found .
O rg an o lith iu m  compounds r e a c t  w ith  c y c lo o c ty l  c h lo r id e  to  
form b ic y c lo [ 3 .3 .0 ] o c ta n e  by o r-e lim in a tio n  o f  th e  h a l id e .  The r a t i o  
o f  b ic y c lo o c ta n e :c y c lo o c te n e  fo rm a tio n  was found to  be  a  m easure o f  
th e  tendency  o f  th e  o rg a n o li th iu m  compound tow ard c a rb a n lo n ic  and 
r a d ic a l  r e a c t io n .  The r a t i o  o f  b ic y c lo [3 .5 .0 ]o c ta n e :c y c lo o c te n e
vii
d e c re a se s  from 0 .1 2  t o  0 .0 3  when c y c lo o c ty l l l th iu m  I s  s u b s t i t u te d  f o r  
s e c - b u ty l l l t h iu m . The d e c re a se  In  r e l a t i v e  amount o f  b lc y c lo o c ta n e  
formed In d ic a te s  t h a t  c y c lo o c ty l l l th iu m  has g r e a t e r  tendency  f o r  
r a d ic a l  r e a c t io n  th a n  does sec - b u ty l l l th lu m .
v l l i
I .  INTRODUCTION
O rganic compounds o f  r in g s  o f  8-11 c a rb o n  atom s (medium- 
r in g  compounds) have a c ro s s  th e  r in g  ( t r a n s a n n u la r )  in t e r a c t io n s  
w hich  can  le ad  to  t r a n s a n n u la r  r e a c t io n s .  P ro d u c ts  from  th e s e  r e ­
a c t io n s  have a  s u b s t i t u e n t  o r  f u n c t io n a l  group rem ote  from  th e  o r ig i n a l  
r e a c t io n  s i t e .  T ra n sa n n u la r  r e a c t io n s  were f i r s t  d is c o v e re d  i n  medium 
r in g  r e a c t iv e  in te rm e d ia te s  o f  carbonium  io n  sy s te m s1 *2  and have s in c e  
been  found f o r  r a d i c a l 3 and c a rb e n e 43 in te r m e d ia te s .  T h is  D is s e r ta t io n  
e x te n d s  th e  knowledge o f  medium r in g  r e a c t iv e  in te r m e d ia te s  to  in c lu d e  
c a rb a n io n ic  o n e s . T ra n sa n n u la r  rea rran g em en t a p p a re n tly  o ccu rs  in  
r e a c t i v e  c a rb an io n  o r  c a rb an o id  in te rm e d ia te s  form ed from  s a tu r a te d ,  
u n s u b s t i tu te d  medium r in g  o rg a n o m e ta llic  compounds. In  th e  c o u rse  o f  
t h i s  in v e s t i g a t i o n ,  i t  became a p p a re n t th a t  r e a c t io n  o f  c y c lo o c ty l  
h a l id e s  w ith  o rg a n o lith iu m  compounds a l s o  p ro v id e d  a  means o f  d e te c t in g  
c a rb a n io n ic  in te rm e d ia te s  formed from th e  c a rb o n -m e ta l bond.
The ty p e s  o f  t r a n s a n n u la r  r e a c t io n s  w hich may o ccu r w ith  un­
s u b s t i t u t e d ,  m edium -ring  compounds v a ry  w ith  th e  ty p e  o f  in te rm e d ia te  
p ro d u c e d , as i l l u s t r a t e d  in  T ab le  I .  W ith u n s u b s t i t u te d  carbonium  io n  
in te r m e d ia te s ,  th e  o c c u rre n c e  o f  tr a n s a n n u la r  h y d r id e  s h i f t s  and e l i ­
m in a tio n  depends upon th e  mode o f  fo rm atio n  o f  th e  in te r m e d ia te .  F o r 
exam ple, t r a n s a n n u la r  h y d r id e  s h i f t s  b u t  n o t t r a n s a n n u la r  e l im in a t io n  
w ere d e te c te d  in  c h lo r in o ly s l s  o f  d e u te r iu m - la b e l le d  c y c lo a lk y l  s u l -  
f e n a te  e s t e r s ; 5 b o th  p ro c e ss e s  w ere found to  o c c u r  from carbonium  io n s  
p roduced  by th e  a n o d ic  o x id a tio n  o f  c y c lo a lk a n e c a rb o x y lic  a c i d s . 6
The fo rm a tio n  o f  a  carb en e  in te rm e d ia te  r e s u l t s  in  t r a n s ­
a n n u la r  carb o n -hydrogen  i n s e r t i o n  r e a c t io n s  t o  form  b i c y c l i c  p ro d u c ts .
Type In te rm e d ia te
TART.E I :  • Types o f  T ran sa n n u la r  I n te r a c t io n s
T ran sa n n u la r  I n t e r a c t io n  R e s u l ta n t  P ro d u c t o r  In te rm e d ia te
Carbonium Io n
cy
CarbeneO'
F re e  R ad ica la
D e s ta b i l iz e d  F ree  
R ad ica l
a
Z = D e s ta b i l iz in g  Group
1 ,3  H ydride S h i f t  
1 ,5  H ydride S h i f t
1 .5  E l im in a tio n  
1 ,3  C-H I n s e r t io n
1 .5  C-H I n s e r t io n  
None
Q
D
H D
H
H
1 ,3  E l im in a tio n  t ho>
o> a>co
1 ,5  Hydrogen Atom S h i f t O'
The base  c a ta ly z e d  d eco m p o s itio n  o f  cy c lo o c ta n o n e  £ - to lu e n e s u l f o n y l-  
hydrazone4*  r e s u l t s  In  1 ,2 - ,  1 ,3 "  and 1 ,5  C-H in s e r t i o n  to  form 
c y c lo o c te n e , b i c y c l o [ 5 . 1 .0 ]o c ta n e  and b ic y c lo [ 3 . 3 *0 ] ° c t a n e > re sp e c ­
t i v e l y .  The p ro p o r t io n s  o f  p ro d u c ts  depend upon th e  b a se  and so lv e n t 
used  as shown below .
___________________P r o d u c ts , #_______________________
c i s -  B ic y c lo -  B ic y c lo -  1 -M ethy l-
C y clo - [ 3 .3 » 0 ] “ c y c lo -
Base and S o lv e n t o c te n e  o c ta n e  o c ta n e  h e p te n e  O ther
Na i n  HOCHaCHaOH 8 3 .3  6 .h  10 .3  0 <0 .05
Na0CCarbitoiethyl 50 6,5 0 <0‘° 5
T ra n sa n n u la r  ca rb o n -h y d ro g en  i n s e r t i o n  r e a c t io n s  a ls o  r e s u l t  from 
tre a tm e n t o f  m edlum -rlng  e p o x id e s  w ith  p h e n y llith iu m  o r  l i th iu m  d i ­
e th y la m id e . 4*>,c a  s i m i l a r  t r a n s a n n u la r  i n s e r t i o n  r e a c t io n  r e s u l t i n g  
from tre a tm e n t o f  2 , 3 - e p o x y b ic y c lo [2 . 2 . 1]h e p ta n e  w ith  l i th iu m  d ie th y l ­
amide was a t t r i b u t e d  to  c a rb e n o id  fo rm a tio n . 7
A lthough  t r a n s a n n u la r  hydrogen atom  s h i f t  to  a  r a d ic a l  c e n te r  
a d ja c e n t t o  a d e s t a b i l i z i n g  group  i s  a  known p r o c e s s , 3 t r a n s a n n u la r  
s h i f t  o r  e l im in a t io n  to  form  b i c y c l i c  compounds has n o t been  found in  
r e a c t io n s  o f  u n s u b s t i tu te d  r a d i c a l s  from medium r in g  compounds. Re­
a c t io n s  in v e s t ig a te d  i n  th e  8-membered system  in c lu d e  th e  p h o to ly s is  
and p y ro ly s is  o f  d ic y c lo o c ty lm e rc u ry  compounds and p y r o ly s is  o f  J t-b u ty l 
a -d e u te r io c y c lo o c ta n e p e ro x y c a rb o x y la te . 6 ,8  The H u n sd iecker r e a c t io n  
o f  a -d e u te r io c y c lo o c ta n e c a r b o x y lic  a c id  r e s u l t s  in  brom ide fo rm a tio n  
w ith o u t lo s s  o f  d e u te r iu m  a t  th e  a lp h a  p o s i t i o n . 9 O ther exam ples o f  
r e a c t io n s  p ro c e ed in g  th ro u g h  r a d i c a l  in te rm e d ia te s  w ith o u t t ra n s a n n u la r  
i n t e r a c t i o n  have b een  found in  th e  p re s e n t  s tu d y .
R earrangem ent o f  a  m e ta ia lk y l  was d is c o v e re d  by S ch len k xoa 
and Z ie g le r 10** in  th e  r e a c t io n  o f  sodium w ith  1 ,3 ,3 - t r ip h e n y l in d e n e  
shown below .
Ph Ph Ph
V h . Mg..,
Ph Ph Ph Ph Ph Na
A nother exam ple o f  c a rb a n o id  re a rra n g em e n t was d isco v e re d  
in d ep en d en tly  by Zimmerman113 and by G ro v e n s te in 11** in  th e  s tu d y  o f
2 ,2 ,2 - t r i a r y l e t h y lm e t a l  com pounds. The e f f e c t  o f  th e  m e ta l upon th e  
tendency  f o r  t h i s  I s o m e r iz a t io n  was found to  be  K ~  Na >  L i » M g ,H g
In d ic a t in g  th a t  w eakening o f  th e  ca rb o n -m e ta l bond fa v o rs  iso m e riz a ­
t i o n .  The s u b s t i t u t i o n  o f  d i f f e r e n t  groups in  th e  2 - p o s i t io n  gave a  
m ig ra to ry  o rd e r  o f  b en zy l >  phen y l >  p - t o l y l  >  m ethy l f o r  sodium- and
a lk y l ;  how ever, l a t e r  work by G ro v e n s te in 13 showed th a t  d i f f e r e n t  
mechanisms o p e ra te  i n  th e  c a se  o f  th e  b en zy l and pheny l m o ie t ie s .  The 
b en zy l group in  2 , 2 , 3- t r ip h e n y lp r o p y l l i th iu m  undergoes 1 , 2-m ig ra t io n  
by an e l im ln a t lo n - r e a d d i t io n  pathw ay in v o lv in g  fo rm a tio n  o f  b en zy l- 
l l th lu m  and 2 ,2-d lp h e n y le th e n e  o r  p o s s ib ly  by a  r a d i c a l - r a d i c a l  an ion
k 5
p o ta s s iu m a lk y ls .123*** The same o rd e r  was i n i t i a l l y  found f o r  li th iu m -
C )Throughout t h i s  D i s s e r t a t i o n ,  th e  symbol "—^ —> ' means " re a r ra n g e -
pathw ay. The m ig ra t io n  o f  th e  p h en y l g roup  in  2 ,2 ,2 - t r i p h e n y l e th y l -  
l l th iu m  was shown to  fo llo w  an I n t r a m o le c u la r  pathw ay . E vidence was 
p re s e n te d  by G ro v e n s te in 14 f o r  th e  p ro b a b le  fo rm a tio n  o f  a  b r id g e d  
c a rb a n io n ic  s p e c ie s  6 , a s  e i t h e r  an in te r m e d ia te  o r  a  t r a n s i t i o n  
s t a t e ,  by n u c le o p h i l ic  a d d i t io n  to  th e  m ig r a t in g  phen y l g ro u p . How­
e v e r ,  th e  p o s s i b i l i t y  o f  re a rra n g em e n t by th e  c o rre sp o n d in g  r a d ic a l  
in te rm e d ia te  £  c o u ld  n o t be  e x c lu d e d .
The no rbo rnene  system  p ro v id e s  a n o th e r  exam ple o f  c a rb a n io n ic
is o m e r iz a t io n  by e le c t r o n  a c c e p ta n c e  a t  an  u n s a tu r a te d  c e n te r .  For 
l i th iu m 15! 16 and sodium 17 d e r i v a t i v e s ,  a n io n s  8 and £  were found to  be 
in  e q u i l ib r iu m  w ith  each  o th e r .  P resu m ab ly , th e  e le c tro n -w ith d ra w in g
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(a n io n  s t a b i l i z i n g )  e f f e c t  o f  th e  c y c lo p ro p y l r in g  (£ )  may p ro v id e  a 
d r iv in g  fo rc e  f o r  th e  re a rra n g e m e n t.
The more io n ic  c h a r a c te r  o f  sod ium alky l c au se s  a  f r a g m e n ta t io n  
o f  8 to  g iv e  10 , th e  p re c u rs o r  o f  3 -v in y lc y c lo p e n te n e  and l+ -v in y l- 
c y c lo p e n te n e , as  shown b e lo w .18 F rag m en ta tio n  d id  n o t o ccu r in  th e
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absence  o f  a  dou b le  bond o r  a  p o t e n t i a l  double bond ( th e  c y c lo p ro p y l 
r in g  o f  8 ) .  N orbornylsodium  form ed from  th e  c h lo r id e  d id  n o t undergo  
f ra g m e n ta tio n  b u t p roduced  o n ly  n o rb o rn an e , n o rb o rn e n e , and n o r t r i -  
c y c le n e . The l a s t  compound p ro b ab ly  r e s u l te d  from  a  c a rb en e  i n t e r ­
m ed ia te  form ed by a - e l im ln a t io n  o f  th e  c h lo r id e  r a t h e r  th a n  2 ,6 -  
e l im ln a t io n  by th e  c a rb a n io n . The p o s s i b i l i t y  o f  a  r a d i c a l  pathw ay 
f o r  c le a v a g e  was ex c lu d ed  on th e  b a s is  th a t  5 -n o rb o rn e n -2 -y l and 
n o r t r i c y c l y l  r a d i c a l s  have n o t undergone c lea v a g e  r e a c t io n s  s i m i l a r  to  
th o se  found f o r  th e  organosodium  compounds.
pounds undergo f ra g m e n ta tio n  r e a c t io n s  w ith o u t th e  n e c e s s i ty  o f  a  
d o ub le  b o n d .19 B es id e s  f a c i l e  f r a g m e n ta tio n , th e  e x c e s s iv e ly  h ig h  
ch arg e  d e n s i ty  a t  c a rb o n  le a d s  to  h y d rid e  e l im in a t io n  (u n u su a l a t  
room te m p e ra tu re  f o r  a  p rim ary  a lk y lso d iu m  o r  p o ta ss iu m  compound) and 
m e ta la t lo n  o f  th e  h y d rocarbon  s o lv e n t  to  g iv e  an  a r r a y  o f  o rg a n o - 
p o tass lu m  p ro d u c ts .  In tra m o le c u la r  p ro to n  s h i f t s  i n  c o n c e r t  w ith  (s e e  
below ) o r  p r i o r  to  f r a g m e n ta tio n  may accoun t f o r  frag m en ts  c o n ta in in g
U n lik e  th e  sodium  compounds, b u ty l-  and p e n ty lp o ta s s iu m  com-
an odd number o f  c a rb o n s  b e in g  produced from s t a r t i n g  m a te r ia l s  con­
t a in in g  o n ly  even  numbers o f  carb o n s In  th e  m o le c u le s , £ . £ • ,  b u ty l -  
p o ta ss iu m  I n  h ex an e . However, p ro d u c ts  c o n ta in in g  an  odd number o f
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c a rb o n  atom s c o u ld  a l s o  be e x p la in e d  by in te rm o le c u la r  exchange r e ­
a c t io n s  le a d in g  to  seco n d ary  c a rb a n io n s .
A re v ie w  o f  th e s e  c a s e s  o f  c a rb a n io n ic  rea rra n g em e n t in  
h y d ro ca rb o n s  i n d ic a te s  th a t  o n ly  th e  c a se s  o f  bond re a rra n g em e n t in  
n o rb o rn y l sy stem s can be d e f i n i t e l y  e s ta b l i s h e d  as p ro c e e d in g  by a  
c a rb a n io n ic  pathw ay. The p ro to n  rea rran g em en ts  su g g es te d  in  th e  a lk y l -  
p o ta ss iu m  sy stem  a re  o n ly  t e n t a t i v e .  In  th e  c ase s  o f  re a rran g em en t by 
a m ig r a t in g  group s tu d ie d  by Zimmerman and G ro v e n s te in , none o f  th e  
exam ples c o u ld  e x c lu d e  th e  p o s s i b i l i t y  o f  a  r a d i c a l  pathw ay a lth o u g h  a 
c a rb a n io n ic  pathw ay does seem re a so n a b le  f o r  th e  more e l e c t r o p o s i t i v e  
sodium  and p o ta ss iu m  compounds. The p o s s i b i l i t y  o f  an e l im in a t io n -  
r e a d d i t lo n  mechanism was ex c lu d ed  o n ly  in  th e  case  o f  2 , 2 , 2- t r ip h e n y l -  
e th y l l l t h iu m ,  b u t  th e  p o s s i b i l i t y  o f  phenyl m ig ra t io n  by a  r a d ic a l  
p ro c e ss  s t i l l  re m a in s .
The p u rp o se  o f  t h i s  work was to  in v e s t ig a te  th e  p o s s i b i l i t y  
o f  a t r a n s a n n u la r  hydrogen  s h i f t  o r  o th e r  t ra n s a n n u la r  p ro cess  in  a 
c a rb a n io n  in te r m e d ia te .  S in c e  t r a n s a n n u la r  p ro c e sse s  have n o t been 
found i n  u n s u b s t i tu te d  c y c lo o c ty l  r a d i c a l s , 6 >8 »9 th e  o c cu rren c e  o f 
th e s e  p ro c e s s e s  in  o rg a n o m e ta l l ic  compounds would c l e a r ly  in d ic a te  th e  
p re se n c e  o f  a  c a rb a n io n ic  in te r m e d ia te .  To accom plish  t h i s  g o a l ,  
s e v e r a l  d e u te r iu m - la b e l le d  c y c lo o c ty lm e ta l l ic  compounds were p re p a red  
and in v e s t ig a te d  to  d e te rm in e  t r a n s a n n u la r  rea rran g em en t o r e lim in a ­
t io n .
I n  th e  c o u rse  o f  t h i s  s tu d y , a n o th e r  method was found to  
d i s t i n g u i s h  betw een  c a rb a n io n ic  anid f r e e  r a d ic a l  b e h av io r in  th e  r e ­
a c t io n  o f  c y c lo o c ty l  h a l id e s  w ith  o rg a n o lith iu m  re a g e n ts .  The r e ­
a c t io n  r e s u l t e d  in  fo rm a tio n  o f  b ic y c lo [ 3 . 3 .03o c ta n e , p ro b ab ly  by a 
C-H i n s e r t i o n  r e a c t io n  o f  th e  c y c l i c  ca rb en e  In te rm e d ia te .  Eastham20 
in v e s t ig a te d  th e  mechanism o f  r e a c t io n  o f  a lk y l  h a l id e s  w ith  organo­
l i th iu m  compounds. The r e a c t io n  o f  2 - t r l t i o b u t y l l i t h i u m  w ith  c h lo ro -  
c y c lo h e x a n e , r e s u l t i n g  in  th e  in c o rp o ra t io n  o f t r i t i u m  in to  th e  c y c lo -  
hexane p ro d u c t ,  was I n i t i a l l y  e x p la in e d  by a  c o n ce rte d  mechanism in ­
v o lv in g  a  q u a s i - r in g  com plex. The p o s s i b i l i t y  o f  carb en e  fo rm atio n  
from th e  a lk y l  h a l id e  was a l s o  su g g e s te d . However, f u r th e r  w ork21 i n ­
d ic a te d  th e  r e a c t io n  p ro ceed ed  by c h a rg e  t r a n s f e r  from th e  l i th iu m  
re a g e n t to  th e  a lk y l  h a l id e  to  form  a  r a d i c a l  an io n  w hich co u ld  th en  
decompose t o  g iv e  an a lk y l  r a d i c a l .  Normal d is p ro p o r t io n a t io n  and 
c o u p lin g  p ro d u c ts  co u ld  th e n  be  form ed from  th e  r e s u l t a n t  r a d i c a l s .
The c h a rg e  t r a n s f e r  mechanism was g iv e n  s tro n g  su p p o rt by e le c t r o n  
s p in  re so n a n c e  ( e a r )  s p e c t r a l  i d e n t i f i c a t i o n  o f  r a d ic a l  an io n s
g e n e ra te d  by o rg a n o lith iu m  r e a g e n t s .22 D ire c t  e s r  te ch n iq u es  d e te c te d  
th e  o rg a n ic  r a d ic a l s  g e n e ra te d  by r e a c t io n  o f  o rg a n o lith iu m  compounds 
w ith  a lk y l  io d id e s .23 C hem ica lly  in d u ced  dynamic n u c le a r  p o la r i z a t io n  
(CIDNP) has a l s o  been  u sed  to  e s t a b l i s h  th e  in te rm e d ia c y  o f  r a d ic a l s  
in  th e  r e a c t io n  o f  o rg a n o lith iu m  compounds w ith  a lk y l  h a l i d e s . 24 ,25
The p re sen ce  o f  a  r a d i c a l  pathw ay i n  th e  r e a c t io n  h as  been 
f irm ly  e s ta b l i s h e d .  However, th e  p o s s i b i l i t y  o f  a  com peting c a rb a n io n ic  
p ro c e ss  fu n c tio n in g  by a lp h a  and b e ta  e l im in a t io n  o f  th e  h a l id e  s t i l l  
e x i s t s .  The d e te c t io n  o f  such  a  p ro c e s s  c o u ld  be accom plished  by th e  
i d e n t i f i c a t i o n  o f p ro d u c ts  from  c a rb e n e  in te r m e d ia te s ,  b u t  p re v io u s  
a tte m p ts  by Kirmse to  g e n e ra te  su ch  p ro d u c ts  from  th e  a c t io n  o f  o rgano­
l i th iu m  compounds on a lk y l  h a l id e s  w ere  u n s u c c e s s f u l .26 The d e te c t io n  
o f  c a rb en e  p ro d u c ts  from  c y c lo o c ty l  h a l id e s  p ro v id e d  a  method o f  com­
p a r in g  th e  tendency  o f  o rg a n o lith iu m  compounds f o r  c a rb a n io n ic  r e a c t io n  
and w i l l  be d is c u s se d  in  th e  fo llo w in g  s e c t io n .
I I .  RESULTS AND DISCUSSION OF RESULTS
The work o f  Traynham and Green on th e  g e n e ra t io n  o f  d eu te riu m -
la b e l l e d ,  m edium -ring c y c lo a lk y l  r a d i c a l s  in d ic a te s  t h a t  c y c lo o c ty l
v
r a d i c a l  in te rm e d ia te s  do n o t undergo t r a n s a n n u la r  rea rran g em en t o r  
e l im in a t io n .  In  c o n t r a s t ,  th e  g e n e ra t io n  o f  c o r r e s p o n d in g ly - la b e l le d  
carbonium  io n  in te rm e d ia te s  r e v e a le d  th a t  rea rran g em en t o ccu rs  r e a d i ly  
w ith  th e s e  s p e c ie s . 5 *6 The p re s e n t  work d e a l t  w ith  th e  p o s s i b i l i t y  o f  
re a rra n g em e n t i n  medium r in g  c a rb a n io n ic  in te r m e d ia te s .  To d e te c t  th e  
o c c u rre n c e  o f  re a rra n g e m e n t, s e v e r a l  a lp h a -d e u te r a te d  c y c lo o c ty l -  
m e ta l l l c  compounds w ere p re p a re d  and r e a c te d  to  p ro v id e  s u i t a b l e  de­
r i v a t i v e s  whose a lp h a  d e u te r a t io n  c o u ld  be m easured by p ro to n  n u c le a r  
m ag n etic  re so n an c e  (nmr) m ethods as  d e sc r ib e d  in  A ppendix I .  When 
lo s s  o f  d e u te r iu m  from  th e  a lp h a  p o s i t io n  o c c u r re d , th e  compounds w ere 
exam ined by mass sp e c tro m e te r  (ms) to  d e te c t  any lo s s  o f  d eu te riu m  
from  th e  m o le c u le . H ydrocarbon p ro d u c ts  r e s u l t i n g  from  th e  o rg an o - 
m e ta l l l c  s p e c ie s  w ere a ls o  exam ined by gas chrom atography (g c ) f o r  th e  
p re se n c e  o f  b i c y c l o [ ^ .1 .0 ]o c ta n e  and b ic y c lo [ 3 . 3 «0 ]o c ta n e  to  check  f o r  
th e  o c c u rre n c e  o f  t r a n s a n n u la r  e l im in a t io n  in  th e  in te r m e d ia te .
R earrangem ents o f  o rg a n o m e ta ll lc  compounds can  be I n te r p r e te d  
by means o f  r a d i c a l  o r  c a rb a n io n ic  in te rm e d ia te s  a s  e x e m p lif ie d 13*14 by 
th e  d is c u s s io n  in  th e  I n t r o d u c t io n  o f  1 ,2  m ig ra t io n  o f  p h en y l in  2 ,2 ,2 -  
t r l p h e n y le th y l l l t h lu m .  C y c lo o c ty l r a d i c a l s  g e n e ra te d  from  peroxy  
e s t e r s 6 o r  c y c lo o c ty lm e rc u ry  compounds6 *8 do n o t g iv e  re a r ra n g e d  p ro d ­
u c t s .  An a d d i t io n a l  exam ple o f  th e  s t a b i l i t y  o f  th e  c y c lo o c ty l  r a d i c a l
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to  rea rran g em en t was p ro v id e d  by h a lo d e c a rb o x y la tio n  o f  a - d e u te r io -  
c y c lo o c ta n c c a rb o x y lic  a c id  by u se  o f  le a d  t e t r a a c e t a t e  in  co m b in a tio n  
w ith  l i th iu m  c h lo r id e .  K ochi27 conducted  th e  h a lo d e c a rb o x y la tio n  o f  
a  number o f  c a rb o x y lic  a c id s  and p roposed  a  mechanism in v o lv in g  a lk y l  
r a d i c a l s  a s  I n te r m e d ia te s .  E v idence  f o r  p a r t i c i p a t i o n  o f  r a d i c a l  i n t e r ­
m ed ia te s  was p ro v id ed  by r e a c t io n  o f  3»3 ~ d im eth y lb u tan o ic  a c id  o r  
c y c lo b u ta n e c a rb o x y lic  a c id  w hich r e s u l t s  in  fo rm a tio n  o f  on ly  th e  c o r ­
re sp o n d in g  u n re a rra n g e d  n e o p e n ty l o r  c y c lo b u ty l  c h lo r id e .  The r e ­
a c t io n  a ls o  was found to  be s t r o n g ly  in h ib i t e d  by th e  p re se n c e  o f  
oxygen. In  a cc o rd  w ith  a  r a d i c a l  pa thw ay, h a lo d e c a rb o x y la tio n  o f  ct~ 
d e u te r lo c y c lo o c ta n e c a rb o x y lic  a c id  r e s u l t s  in  th e  fo rm a tio n  o f  th e  
c h lo r id e  w ith o u t lo s s  o f  d e u te r iu m  from  th e  a lp h a  p o s i t io n .
was th e  G rlg n a rd  sy stem . P re v io u s  work28 had shown th a t  th e  c y c lo -  
p ro p y lm eth y l G rlg n a rd  and a l ly lm e th y l  G rlg n ard  re a g e n ts  undergo f a c i l e  
in te r c o n v e r s io n  a t  room te m p e ra tu re , r e s u l t i n g  in  exchange in  p o s i t io n  
o f  th e  a lp h a  and b e ta  ca rb o n s  o f  th e  a l ly lm e th y l  G rlg n ard  re a g e n t as  
shown below .
The r e a c t io n  may p ro ceed  by a  r a d i c a l  pathw ay th ro u g h  In te rm e d ia te  l,*28 
o r  by a  c a rb a n io n ic  pathw ay th ro u g h  in te rm e d ia te  2 . 14*28
The f i r s t  medium r in g  o rg a n o m e ta l l ic  system  chosen  f o r  s tu d y
C-CH^IgX — >  CH2=CH*CH2jCHjMgXCH2=CH-CH2-*CH2MgX — >
CH2
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R ad ica l In te rm e d ia te s  s im i la r  to  1^  a r e  known to  re a r ra n g e  t o  th e  open 
c h a in  form ;30 w hereas r e a c t io n s  p ro c e ed in g  th ro u g h  th e  a n io n ic  s p e c ie s ,  
2 t do n o t g iv e  re a rran g em en t p ro d u c ts . 2 8 *29 T h e re fo re , a r a d i c a l
pathway seems more re a s o n a b le  o v e r a l l  th a n  an a n io n ic  one f o r  r e a r ra n g e ­
ment o f  th e  G rlg n a rd  r e a g e n t .
The f a c i l e  re a rra n g em e n t o f  th e  cy c lo p ro p y lm e th y l r a d ic a l  
by bond is o m e r iz a t io n  c o n t r a s t s  s h a rp ly  w ith  th e  s t a b i l i t y  to  r e a r ra n g e ­
ment by hydrogen atom s h i f t  found i n  th e  c y c lo o c ty l  r a d i c a l .  The p re ­
p a r a t io n  o f  th e  a lp h a - la b e le d  c y c lo o c ty l  G rlg n a rd  re a g e n t  and m easure­
ment o f  any sc ram b lin g  o f  d e u te r iu m  due to  in tr a m o le c u la r  p ro to n  s h i f t s  
p ro v id e s  a  means o f  d i s t in g u i s h in g  betw een r a d ic a l  and a n io n ic  r e a r ­
rangem ent. a -D eu te rio cy c lo o c ty lm ag n es iu m  c h lo r id e  in  e th y l  e th e r  was
shown to  be s t a b l e  to  re a rran g em en t by p re p a ra t io n  o f  th e  a lc o h o l  and
m ercu ric  brom ide d e r iv a t iv e s ;  nmr a n a ly s is  o f  th e s e  d e r iv a t iv e s  showed 
no lo s s  o f  d eu te riu m  from  th e  a lp h a  p o s i t i o n .  Of c o u rs e ,  th e  s t a b i l i t y  
o f  th e  organom ercury compound to  re a rran g em en t would be e x p ec te d  from 
th e  s t a b i l i t y  o f  i t s  G rlg n a rd  p r e c u r s o r .
A lthough th e  n o n -rea rran g em en t o f  th e  medium r in g  G rlg n ard  
re a g e n t may have been  caused  by i t s  h av in g  an e s s e n t i a l l y  r a d i c a l  
c h a r a c te r ,  i t  was re c o g n iz e d  t h a t  th e  o rg a n o m e ta l lic  re a g e n t may n o t 
have been  s u f f i c i e n t l y  b a s ic  to  e f f e c t  th e  hydrogen  a b s t r a c t io n  .
n e c e s sa ry  f o r  rea rra n g em e n t. The l i th iu m  re a g e n t  seemed a  more l ik e ly  
s p e c ie s  to  undergo rea rran g em en t on th e  b a s i s  t h a t  2 ,2 -d ip h e n y lp ro p y l-  
l l th lu m , undergoes pheny l m ig ra tio n  to  p ro v id e  2-m ethy1 -2 ,5 -  
d ip h e n y lp ro p a n o ic  a c id  upon c a r b o n a t io n ,  w hereas th e  c o rre sp o n d in g  
G rlg n ard  and m ercury compounds do n o t r e a r r a n g e .31 B esid es  u n d er­
go ing  p h en y l m ig r a t io n ,  ^  g iv e s  .2 .- (2 ,2 -d im e th y lb e n z y l) -b e n z o ic  a c id ,  
h, a s  a  m inor p ro d u c t ,  p o s s ib ly  by th e  in t r a m o le c u la r  hydrogen  a b s tr a c -  
t i o n  i l l u s t r a t e d  below .
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The p r e p a ra t io n  o f  c y c lo o c ty l l l th iu m  re v e a le d  th e  compound 
to  be q u i te  r e a c t iv e  tow ard e th y l  e t h e r ,  even  a t  te m p e ra tu re s  below  
- 30° ;  in  c o n t r a s t ,  e y e lo h e x y ll i th iu m  i s  s t a b l e  in  th e  p re se n c e  o f 
e th y l  e th e r  below  -1 0 ° . 32  The fo rm a tio n  o f  c y c lo o c ty l l l th iu m  in  e th y l  
e th e r  a t  - 35° ,  fo llo w ed  by r e a c t io n  w ith  d ry  i c e ,  r e s u l t e d  in  th e  
fo rm a tio n  o f  a  m ix tu re  o f  c y c lo o c ta n e c a rb o x y lic  a c id  and 3 - c y c lo o c ty l -  
p ro p io n ic  a c id .  The p ro p io n ic  a c id  d e r iv a t iv e  was a p p a re n tly  formed 
by r e a c t io n  o f  th e  l i th iu m  re a g e n t w ith  e th e r  to  y i e l d  e th y le n e , 33 
which added to  a  second m o lecu le  o f  c y c lo o c ty l l l th iu m  to  g iv e  2-  
c y c lo o c ty le th y l l i th iu m . In  THF a t  - I 50 , a  20$ y i e l d  o f  3- c y c lo o c ty l -  
p ro p io n lc  a c id  was o b ta in e d  w ith  a p p a re n t ly  l i t t l e ,  i f  an y , fo rm a tio n
11).
o f  c y c lo o c ta n e c a rb o x y lic  a c id .  However, a t  -J8°  th e  a c id  p ro d u c t i s o ­
l a t e d  was found to  be c y c lo o c ta n e c a rb o x y lic  a c id ,  th e  low er tem pera­
tu r e  e i t h e r  p re v e n tin g  r e a c t io n  o f  th e  l i th iu m  re a g e n t w ith  THF o r 
s to p p in g  th e  a d d i t io n  s te p  to  e th y le n e .
The fo rm a tio n  o f  c y c lo o c ta n e c a rb o x y lic  a c id  a t  -7 8 °  p ro v id ed  
a  d e r iv a t iv e  by w hich re a rra n g em e n t o f  c y c lo o c ty l l l th iu m  co u ld  be de­
t e c t e d .  T hus, a ~ d e u te r io c y c lo o c ty l l i th iu m  was p re p a re d  from  th e  
d e u te r a te d  c h lo r id e  by r e a c t io n  w ith  l i th iu m  w ire  in  THF a t  - 78° .  
U nrearranged  a - d e u te r io c y c lo o c ta n e c a r b o x y lic  a c id  was re c o v e re d  in  5$ 
y ie ld  w hether th e  r e a c t io n  was ru n  f o r  18 o r  48 h o u rs .  Gc a n a ly s is  
o f  th e  hyd ro carb o n  p ro d u c ts  and re c o v e re d  c h lo r id e  (shown below ) r e ­
v e a le d  c y c lo o c ty l l l th iu m  to  be q u i te  r e a c t iv e  d e s p i t e  i t s  la c k  o f
R eac tio n  Tim e, h o u rs  18 48
Mole R a tio
C y clo o cten e  1 .0  1 .0
C yclo o c tan e  1 1 .2  4 .4
C y c lo o c ty l c h lo r id e  2 4 .8  1 .7
B ic y c lo [ 3 .3 .0 ]o c ta n e  0 .0 2  0 .0 4
re a rra n g em e n t. The y ie ld  o f  a c id  from  th e  r e a c t io n  d id  n o t im prove, 
a lth o u g h  th e  r a t i o  o f  c h lo r id e  to  h y d ro ca rb o n  p ro d u c ts  a f t e r  48 h o u rs  
was much l e s s .  Once fo rm ed , th e  c y c lo o c ty l l l th iu m  a p p a re n tly  r e a c te d  
w ith  THF to  y ie ld  c y c lo o c ta n e  o r  w ith  s t a r t i n g  c h lo r id e  to  g iv e  c y c lo ­
o c te n e  and c y c lo o c ta n e . A ls o , u n lm o le c u la r  d eco m p o sitio n  to  c y c lo ­
o c te n e  and l i th iu m  h y d rid e  may have o c c u r re d . The fo rm a tio n  o f  
b lc y c lo [ 3 . 3 .0 ]o c ta n e ,  w hich r e s u l t e d  from  r e a c t io n  o f  th e  l i th iu m  r e ­
ag en t w ith  th e  s t a r t i n g  c h lo r id e  r a t h e r  th a n  from  tr a n s a n n u la r  e lim in a ­
t i o n ,  w i l l  be d is c u s s e d  l a t e r .
Since side reactions with ether solvent and starting chloride
a re  tro ub lesom e in  th e  p r e p a r a t io n  o f  c y c lo o c ty l l i th iu m , th e s e  s id e  
r e a c t io n s  w ere e l im in a te d  by p r e p a r a t io n  o f  l i th iu m  re a g e n t from  th e  
d ia lk y lm e rc u ry  compound. Sodium s t a n n i t e  r e d u c t io n  o f  a - d e u te r io -  
c y c lo o c ty lm e rc u r ic  brom ide was u sed  to  p re p a re  a - d e u te r io c y c lo o c ty l -  
m ercu ry . c v -D e u te r io c y c lo o c ty ll i th iu m , form ed by exchange o f  th e  d i ­
a lk y  lm ercu ry  compound w ith  l i th iu m  i n  p e n tan e  s o lv e n t ,  r e a c te d  to  g iv e  
c y c lo o c te n e - l-d  and cyclooctane-_d  i n  78$  and 7$ y i e l d s ,  r e s p e c t iv e ly  
(s e e  T ab le  I I ,  No. 1 ) .  C a rb o n a tio n  o f  th e  r e a c t io n  m ix tu re  d id  no t 
y ie ld  any c y c lo o c ta n e c a rb o x y lic  a c id .  A n a ly s is  by nmr showed r e t e n ­
t i o n  o f  d eu te riu m  a t  th e  1 - p o s i t i o n  f o r  c y c lo o c te n e - l - t i , and th e  nmr 
a n a ly s is  was su p p o rte d  by ms w hich in d ic a te d  a  c o rre sp o n d in g  amount o f  
d eu te riu m  in  th e  m o le c u le . The d e u te r a t io n  a t  th e  one p o s i t io n  was 
a l s o  in d ic a te d  by th e  l i n e  shape  o f  th e  o l e f i n i c  nmr a b s o rp t io n  o f  
c y c lo o c te n e - l- jd , w hich d i f f e r e d  c o n s id e ra b ly  from  th a t  f o r  c y c lo o c te n e  
becau se  o f  c o u p lin g  betw een v in y l  hydrogen  and d eu te r iu m .
T hus, a s  found p re v io u s ly  in  THF s o lv e n t ,  a - d e u te r io c y c lo -  
o c ty l l i th lu m  does n o t undergo  re a rra n g e m e n t. A ls o , fo rm a tio n  o f  th e
C y c lo o c te n e - l-d C yclo o c ten e
TABLE XI
H ydrocarbon P ro d u c ts  from  C y c lo a lk y lm e ta l Compounds
R e a c tio n  Number 
Ring S iz e
M etal
L ith ium
Sodium
Complexing Agent 
TMEDA
P ro d u c ts ,  #  Y ie ld  
C ycloalkene  
C ycloalkane
D eu terium , Number
C ycloalkane
M olecu lar
C y cloalkene
M o lecu la r
V iny l
Found (4 0 .1 )
No R earrangem ent (4 0 .0 5 )  
Scram bled
S cram b lin g , Z**
1 2 5 k
8 8 8 6
X X
X X
X
78 ^5 55 58
7 57 59 22
0 . 61* 0 .7 0 0 .6 5 0 .7 7
0 .7 7 0 .7 8 0 .7 0 0 .8 2
0 . 8 0 .8 0 .1 0 .6 0
0 .7 0 0 .7 0 0 .7 0 0 .8 8
0 .1 0 .1 o . l 0 .1 8
~  0 ~  0 100 1*0
*V alue low because  sm all amount p r e s e n t  made m easurem ent d i f f i c u l t .
^ C a l c u l a t i o n  e x p la in e d  in  A ppendix I I .
d ia lk y ltn e rc u ry  compound from  th e  a lk y lm e rc u r lc  brom ide p ro ceed s  w ith  
r e t e n t io n  o f  d eu te riu m  a t  th e  a lp h a  p o s i t i o n .
B ecause th e  s t a b i l i t y  o f  c r -d e u te r io c y c lo o c ty l l i th iu m  to  r e ­
a rrangem ent in  p e n tan e  m igh t have been  due to  th e  low io n iz in g  power 
o f  s o lv e n t ,  th e  exchange r e a c t io n  was re p e a te d  in  th e  p re se n c e  o f 
N,N,N/ ,N /- te tr a m e th y le th y le n e d ia m in e  (TMEDA) w ith  th e  r e s u l t s  shown 
in  T ab le  I I ,  No. 2 .  The co m p lex a tio n  o f  1MEDA w ith  th e  o rg a n o lith iu m  
compound sh o u ld  have in c re a s e d  th e  amount o f  io n ic  r e a c t i o n ;34  how­
e v e r ,  th e  l i th iu m  re a g e n t  was a g a in  found n o t to  have undergone r e ­
a rrangem en t by a n a ly s i s  o f  c y c lo o c te n e  p ro d u c t .  The in c re a s e  in  y ie ld  
o f  c y c lo o c ta n e  may have been  due to  th e  in c re a s e d  b a s i c i t y  o f  th e  
l i th iu m  re a g e n t  o r  th e  p re s e n c e  o f  TMEDA, a  more a c t i v e  hydrogen donor 
th a n  p e n ta n e . The s t a b i l i t y  o f  e y e lo o c ty l l i th iu m  to  rea rran g em en t 
even  in  th e  p re se n c e  o f  s t r o n g ly  io n iz in g  com plexing  a g e n ts ,  ,e ..£ .,
THF o r TMEDA, in d ic a te d  t h a t  a  more e l e c t r o p o s i t i v e  m e ta l would be 
n e c e s sa ry  to  e f f e c t  c a rb a n io n ic  re a rra n g e m e n t.
The c a rb a n io n ic  re a rra n g em e n t o f  2 ,2 ,2 - t r ip h e n y le th y lm e ta l  
compounds p ro ceed s  a p p ro x im a te ly  e q u a l ly  w ith  e i t h e r  p o ta ss iu m  o r  
sodium  compounds, b o th  o f  w hich r e a r ra n g e  more r e a d i ly  th a n  th e  l i th iu m  
compound. 12 I t  was d e c id e d  to  p re p a re  c y c lo o c ty lso d iu m  r a th e r  th an  
-p o ta s s iu m  s in c e  a lk y lp o ta s s lu m  compounds a r e  known to  fragm ent by 
b e ta -c le a v a g e  and to  m e ta la te  a lk a n e  s o l v e n t s . 35  C y clo o c ty lso d iu m  was 
p re p a re d  by exchange o f  c e d e u te r lo c y c lo o c ty lm e rc u ry  w ith  sodium in  
p en tan e  s o lv e n t .  C a rb o n a tio n  o f  th e  r e a c t io n  m ix tu re  o v e r d ry  ic e  d id  
n o t y ie ld  any c y c lo o c ta n e c a rb o x y lic  a c id .  Gc a n a ly s i s  (T ab le  I ,  No. 3 )
o f  th e  h y d ro carb o n  f r a c t i o n  showed c y c lo o c ta n e  and c y c lo o c te n e  in  
y ie ld s  o f  55# and 59# , r e s p e c t iv e ly .  Nmr a n a ly s is  o f  th e  m ix tu re  r e ­
v e a le d  th a t  th e  av e rag e  o l e f i n i c  m oie ty  c o n ta in e d  o n ly  0 .1  atom o f 
d eu te riu m  p e r  m o lecu le  w h ile  ms in d ic a te d  t h a t  no s i g n i f i c a n t  lo s s  o f  
d e u te r iu m  had o c c u r re d  from  th e  m o le c u le . T hus, 100# o f  d eu te riu m  
sc ram b lin g  o c c u rre d  w ith  th e  c y c lo o c ty lso d iu m  compound. C o rrespond ing  
fo rm a tio n  o f  a -d e u te r lo c y c lo h e x y ls o d lu m  from  th e  d e u te r a te d  m ercury  
compound r e s u l t e d  in  a  s i g n i f i c a n t l y  l e s s e r  amount (^0 #) o f  sc ram b lin g  
a s  shown i n  T ab le  I I ,  No. 4 . S e v e ra l  p o s s ib le  p a th s  o f  in te rm o le c u la r  
rea rran g em en t w hich w ere c o n s id e re d  b u t r e j e c t e d  a r e  d is c u s s e d  in  th e  
fo llo w in g  fo u r  p a ra g ra p h s .
The o b se rv ed  re a rra n g em e n t co u ld  have r e s u l t e d  from  m e ta la -  
t i o n  o f  p re v io u s ly  form ed cycloalkane-_d  a s  shown below . However, th e
h ig h  y ie ld  o f  c y c lo o c te n e  r e s u l t i n g  from  th e  r e a c t io n  would be un­
l i k e l y  s in c e  m e ta la t io n  o f  th e  p e n tan e  s o lv e n t  would be g r e a t ly  
fav o red  b o th  on th e  b a s i s  o f  amount p r e s e n t  and th e  p o s s i b i l i t y  o f  
fo rm ing  a  more s t a b l e ,  p rim ary  a lk y lso d lu m  conpound, e . £ . , p e n ty l -  
sodium .
Apparent rearrangement resulting from removal of the deu­
te r iu m  by m e ta la t io n  d i r e c t l y  a t  th e  v in y l  p o s i t io n  o f  th e  c y c lo a lk e n e 36  
i s  ru le d  o u t by ms m easurem ent w hich shows no s i g n i f i c a n t  lo s s  o f  deu­
te r iu m  from  th e  m o le c u le .
a b s t r a c t io n  o f  hydrogen from  c y c lo a lk e n e - l - d  p ro d u c t a s  d em o n stra ted  
below  f o r  a b s t r a c t io n  a d ja c e n t  to  v i n y l i c  hyd rogen . F o r rea rran g em en t
by in te rm o le c u la r  a l l y l i c  a b s t r a c t i o n ,  th e  s t a b i l i t y  o f  th e  a l l y l i c  
c a rb a n lo n  o r  r a d i c a l  sy stem  f o r  s ix -  and eigh t-m em bered  c y c lo a lk e n e s  
sh o u ld  be o f  s ig n i f i c a n c e .  A l l y l i c  s t a b i l i z a t i o n  f o r  th e  2 -c y c lo -  
o c te n y l  r a d i c a l  has been  found t o  be  p o o re r  th a n  th e  2-c y c lo h e x e n y l 
r a d i c a l  by c o n s id e r a t io n  o f  th e  r a t i o  o f  r a d i c a l  a d d i t io n  to  a l l y l i c
The r e a c t io n  o f  t r ic h lo r o m e th y l  o r  a c e ty l  r a d i c a l  ( i r r e v e r s i b l e  addends) 
w ith  c y c lo o c te n e  p ro ceed s  w ith  l e s s  a l l y l i c  a b s t r a c t i o n  th a n  c o r r e s ­
p ond ing  r e a c t io n  w ith  th e  cy c lo h ex en e  sy s te m . 3 The g r e a te r  amount o f  
a d d i t io n  to  a b s t r a c t io n  d is p la y e d  by c y c lo o c te n e  c o u ld  have been  due 
to  a  g r e a te r  e a se  o f  1 ,2  a d d i t io n  to  th e  c y c lo o c te n e  dou b le  bond o r  to
In te rm o le c u la r  re a rra n g em e n t c o u ld  o ccu r a l s o  by a l l y l i c
RNa +
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a b s t r a c t io n  (k  , /k  . ) f o r  i r r e v e r s i b l e 3 and r e v e r s i b l e 37  addends, ' a d  a b '
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p o o re r s t a b i l i z a t i o n  o f  th e  2 -c y c lo o c te n y l r a d i c a l .  The l a t t e r  has 
been  found to  be th e  re a so n  s in c e  1 ,2  a d d i t io n  to  c y c lo o c te n e  o ccu rs  
l e s s  r e a d i ly  th an  a d d i t io n  to  cy c lo h ex en e  a s  shown by s tu d y  o f  th e  
a d d i t io n  o f  hydrogen brom ide o r  e th a n e th io l  ( r e v e r s i b l e  addends) . 37  
T h e re fo re , re a rran g em en t by in te rm o le c u la r  a l l y l i c  a b s t r a c t io n  would 
be ex p ec ted  to  be  more co m ple te  w ith  th e  6 -membered c y c l i c  system  
th a n  w ith  th e  8-membered sy stem . S in c e  th e  r e v e r s e  o c c u rs  (com pare 
r e a c t io n s  3 and 4 in  T ab le  I I ) , re a rra n g em e n t by in te rm o le c u la r  a l ­
l y l i c  a b s t r a c t io n  i s  r u le d  o u t .  The a b s t r a c t i o n  i n  th e  m e ta la t lo n  
co u ld  o c c u r  by e i t h e r  r a d i c a l  o r  c a rb a n io n ic  pathw ay; how ever, a l ­
l y l i c  s t a b i l i z a t i o n  o f e i t h e r  a  r a d i c a l  o r  a  c a rb a n io n  In te rm e d ia te  
in  c y c lo a lk e n e  sh o u ld  be p a r a l l e l  p ro c e s s e s  s u b je c t  to  th e  same con­
fo rm a tio n a l f a c to r s  s in c e  b o th  r e q u i r e  in t r o d u c t io n  o f  a  t h i r d  t r i ­
gonal c e n te r  a d ja c e n t  to  th e  d o u b le  bond.
F o r th e  rea rran g em en t o f  c y c lo o c te n e -1—cl to  o c c u r  by a l l y l i c  
in te rm o le c u la r  a b s t r a c t i o n ,  m e ta la t lo n  m ust o c cu r in  th e  a l l y l i c  
p o s i t io n .  However, m e ta la t io n  o f  c y c lo a lk e n e s  by a lk y lso d iu m  com­
pounds can o ccu r a t  e i t h e r  th e  v in y l i c  p o s i t i o n ,  in  th e  c ase  o f  c y c lo -  
p e n te n e , o r  th e  a l l y l i c  p o s i t i o n ,  i n  th e  c a se  o f  c y c lo h e x e n e . 36 
( i n i t i a l  m e ta la t io n  a t  th e  v in y l i c  p o s i t i o n  fo llo w ed  by rea rran g em en t 
to  th e  a l l y l i c  p o s i t io n  i s  e x c lu d ed  by th e  s t a b i l i t y  o f  v in y lso d iu m  
com pounds.36 ) The p o s i t io n  o f  m e ta la t io n  o f  c y c lo p e n te n e  a p p a re n tly  
r e s u l t s  from th e  d i f f i c u l t y  o f  p la c in g  a  t h i r d  t r i g o n a l  c e n te r ,  r e ­
q u ire d  f o r  a l l y l i c  s t a b i l i z a t i o n  o f  2-c y c lo p e n te n y l  c a rb a n io n , in to  
th e  five-m em bered r in g .  The s t a b i l i t i e s  o f  a l l y l i c  system s in  5- ,  6- ,
21
and 8-membered r in g s  a r e  in  th e  o rd e r  cy c lo h ex en e  >  c y c lo p e n te n e  >  
c y c lo o c te n e , a s  d e te rm in ed  by th e  r e l a t i v e  r a t e s  o f  r a d i c a l  a d d i t io n  
o f  r e v e r s ib le  and I r r e v e r s i b l e  addends d is c u s s e d  p r e v io u s ly . 3 *37  
S in ce  a l l y l i c  s t a b i l i t y  i s  l e s s  i n  th e  c y c lo o c te n e  system  th a n  in  th e  
cy c lo p e n te n e  sy stem , i t  i s  q u i te  re a s o n a b le  t h a t  m e ta la t io n  o f  c y c lo ­
o c te n e  a ls o  w i l l  o c c u r  a t  th e  v in y l i c  r a t h e r  th a n  a l l y l i c  p o s i t io n .  
T hus, rea rran g em en t by a l l y l i c  a b s t r a c t i o n  in  th e  c y c lo o c ty l  system  i s  
u n l ik e ly .
R earrangem ent by an  in t r a m o le c u la r  mechanism p ro v id e s  a  more 
l i k e l y  p a th  f o r  d e u te r iu m  s c ra m b lin g . T ra n sa n n u la r  1 ,3  and 1 ,3  r e ­
a c t io n s  o ccu r g e n e r a l ly  in  c y c lo o c ty l  system s a lo n g  w ith  some 1 ,2  r e ­
a c t io n .  C yclohexyl system s undergo  much l e s s  t r a n s a n n u la r  r e a c t i o n ;39 
t h e r e f o r e ,  in tr a m o le c u la r  re a rra n g em e n t in  th e  c y c lo h e x y l system s i s  
b e s t  e x p la in e d  on th e  b a s i s  o f  1 ,2  p ro to n  s h i f t s .  The amount o f  
sc ram b lin g  o b serv ed  in  c y c lo o c te n e  p ro d u c t from  a -d e u te r io c y c lo o c ty l -  
sodium (T ab le  I I ,  No. 4) can  be a cco u n ted  on th e  b a s i s  o f  s in g le  1 ,2  
s h i f t s  as  shown in  F ig u re  1 ( c a l c u l a t i o n s  e x p la in e d  in  A ppendix I I ) . 
T hus, to  acco u n t f o r  th e  amount o f  s c ram b lin g  o b serv ed  a p p ro x im a te ly  
one h a l f  o f  th e  cy c lo h ex y lso d iu m  m o le c u le s  undergo  re a rra n g e m e n t. In  
c o n t r a s t ,  th e  amount o f  sc ram b lin g  o b se rv ed  in  c y c lo o c te n e  from  th e  r e ­
a c t io n  o f  a -d e u te r io c y c lo o c ty ls o d iu m  (T ab le  I I ,  No. 3 ) can n o t be ex­
p la in e d  on th e  b a s is  o f  s in g le  1 ,2  s h i f t s .  As shown in  F ig u re  2 , th e  
maximum amount o f  sc ram b lin g  o b ta in e d  from  100$ 1 ,2  s h i f t  i s  81$ , to o  
low a  v a lu e  to  acco u n t f o r  th e  100$ sc ram b lin g  o b se rv e d . I t  seems 
l i k e l y  t h a t ,  u n l ik e  th e  c y c lo h e x y l sy s te m , th e  c y c lo o c ty l  system
FIGURE 1*
Rearrangement in ohDeuteriocyclohexylsodium by Single 1,2 Shift
2 . IE
Na,
Na
1,2S
H
28$
FIGURE 2*
R earrangem ent in  c M )e u te r io c y c lo o c ty lso d iu m  by 100$ 1 ,2  S h i f t
2 . IENa Na H -D
100
c
*Legend 
E means e l im in a t io n .
S means s h i f t .
1 ,2  s p e c i f i e s  p o s i t io n s  In v o lv ed  i n  s h i f t  o r  e l im in a t io n .
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undergoes a  mode o f  rea rran g em en t in  w hich th e  d eu te riu m  can n o t be in ­
c o rp o ra te d  in to  th e  o l e f i n i c  r e g io n  upon fo rm a tio n  o f  th e  o l e f i n .
T h is  c o n d it io n  i s  met by o c c u rre n c e  o f  1 ,3  o r  1 ,5  t r a n s a n ­
n u la r  p ro to n  s h i f t s  in  th e  c y c lo o c ty l  sy stem  as  shown below . T hus,
th e  g r e a te r  amount o f  sc ram b lin g  o b se rv ed  in  th e  c y c lo o c ty l  system  
compared to  cy c lo h e x y l can  be s a t i s f a c t o r i l y  e x p la in e d  by use  o f  t r a n s ­
a n n u la r  r e a c t io n s  s im i la r  to  th o s e  found in  th e  8-membered system  w ith  
carbonium  io n s  and carb en e  in te r m e d ia te s .
io n ic  in te rm e d ia te s  p ro v id e s  a  u s e f u l  t o o l  f o r  d i s t in g u is h in g  betw een 
c a rb a n io n ic  and r a d ic a l  p ro c e s s e s  in  o rg a n o m e ta l l ic  compounds. F or 
exam ple, o l e f i n  fo rm a tio n  by exchange o f  a  d ia lk y lm e rc u ry  compound 
w ith  an a l k a l i  m e ta l can  p ro ceed  by r a d i c a l  o r  c a rb a n io n  p a th s ,  as 
o u t l in e d  in  F ig u re  3 . 19 A lthough  r a d i c a l  in te rm e d ia te s  can  be a s ­
s ig n ed  a  r o le  in  th e  r e a c t io n  o f  a  m e ta l w ith  an a lk y lm e rc u ry , v i r t u a l l y  
com plete  r e d u c tio n  by sodium  to  th e  c a rb a n io n , a s  i l l u s t r a t e d  in  p a th  b^ , 
has been assum ed. The fo rm a tio n  o f  p ro d u c t by p a th  a  in  s ig n i f i c a n t
-NaH -NaH
The t r a n s a n n u la r  re a rra n g em e n t found i n  medium r in g  c a rb an -
FIGURE 5
C arb an io n ic  v e rs u s  R a d ic a l Pathw ays f o r  
O le f in  F o rm ation  in  Exchange R ea c tio n s
o l e f i n  o r  a lk a n e
RgHg + Na
-  ^  4R2Hg +  Na
R* + RHg~Na+
Na
R~Na+
b
*  + R Na
V
->  o l e f i n  o r  a lk an e*
+ Hg
*Formed by a b s t r a c t i o n  o f  s o lv e n t  p ro to n .
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amounts has been  th o u g h t u n l ik e ly  on th e  b a s i s  t h a t  r a d i c a l  c o u p lin g  
p ro d u c ts  have n o t been  d e te c te d  in  exchange r e a c t io n  o£ d ia lk y lm e rc u ry  
w ith  sodium o r  p o ta ss iu m . However, d i r e c t  ev id en ce  f o r  o l e f i n  form a­
t io n  p r in c ip a l ly  from  c a rb a n io n ic  s p e c ie s  has been  la c k in g . The 100$ 
sc ram b lin g  o f  d eu teriu m  by in tr a m o le c u la r  rea rran g em en t o b serv ed  w ith  
c y c lo o c ty lso d iu m  combined w ith  th e  o b se rv ed  n o n -rea rran g em en t o f  th e  
c y c lo o c ty l  r a d i c a l  p ro v id e s  d i r e c t  e v id en c e  th a t  a t  l e a s t  90$  o f  th e  
o l e f i n  form ed in  th e  exchange r e a c t io n  r e s u l t e d  from  an  o r ig i n a l ly  
c a rb a n io n ic  s p e c ie s .  L ik e w ise , m a jo r fo rm a tio n  o f  o l e f i n  p ro d u c t 
from  pathw ays in v o lv in g  ( 1) r e a c t io n  o f  a  r a d i c a l  w ith  sodium  m e ta l 
b e fo re  fo rm a tio n  o f th e  o rganosodium  compound, o r  ( 2 ) r e a c t io n  o f  th e  
a lk y lm e rc u ry  w ith  an a lk y lp o ta s s iu m  i s  r u le d  o u t .  S in ce  th e  tendency
(1 ) R* + Na» — ^  a lk e n e  +  NaH
(2 ) R2Hg +  R*K — ► R*H + o l e f i n  +  RK +  Hg
found f o r  r a d ic a l  fo rm a tio n  i s  c y c lo o c ta n e  >  c y c lo h e p ta n e  >  cy c lo p en - 
ta n e  >  c y c lo h e x a n e , 40*41 i t  seems re a s o n a b le  t h a t  th e  7“ > 6- ,  and 5-  
membered a lk y l  m o ie tie s  a s  w e ll  a s  se c o n d a ry , p r im a ry , and m ethy l 
a lk y l  g roups w i l l  fo llo w  a c a rb a n io n ic  p a th  to  o l e f i n  fo rm a tio n .
The d e te c t io n  o f  c a rb a n io n ic  in te rm e d ia te s  by rea rran g em en t 
in  medium r in g  compounds g iv e s  r e s u l t s  in  g e n e ra l  agreem ent w ith  th e  
e x p e c ta t io n  t h a t  io n ic  c h a r a c te r  in c re a s e s  w ith  in c r e a s in g  e l e c t r o -  
p o s i t l v i t y  o f  th e  m e ta l c a t i o n .  R earrangem ent o c c u rs  w ith  th e  s t ro n g ly  
io n ic  carbon-sod ium  bon d , b u t  th e  c a r b o n - l i th iu m  bond , which i s  r e -  . 
p o r te d  to  undergo c a rb a n io n ic  re a rra n g em e n t in  o th e r  sy s te m s , 12*13’ 14 
does n o t r e a r r a n g e .  A method o f  d i s t in g u is h in g  th e  io n ic  c h a r a c te r
o f  th e  c a rb o n - l i th iu m  bond from  th e  more c o v a le n t carbon-m agnesium  
bond i s  d e s i r a b l e .  Such a  m ethod can  be drawn from  th e  r e a c t io n  o f 
o rg a n o lith iu m  compounds w ith  c y c lo o c ty l  h a l id e s .
The r e a c t io n  o f  G rig n a rd  re a g e n ts  w ith  a lk y l  h a l id e s  p roceeds 
p r in c ip a l ly  by h e t e r o l y t i c  pathw ays in  good s o lv a t in g  m edia (THF, 1 ,2 -  
d im e th o x y e th an e )42a o r  by r a d i c a l  pathw ays in  poor s o lv a t in g  m edia 
(h y d ro c a rb o n ).42^ In  e th y l  e t h e r ,  a  w eakly  s o lv a t in g  medium, b o th  
r a d i c a l  and h e t e r o l y t i c  pathw ays can  o c c u r42^ to  a  m ajo r e x te n t .  An 
exam ple o f  s o lv e n t  e f f e c t  upon th e  r a t i o  o f  h e t e r o l y t i c  and r a d ic a l  
r e a c t io n s  o f  G rignard  re a g e n ts  i s  p ro v id e d  by d a ta  on th e  p re p a ra t io n  
o f  c y c lo o c ta n e c a rb o x y lic  a c id  from  cy clo o c ty lm ag n esiu m  h a l id e s  shown 
below .
Mole Ratio
Halide* Solvent # Acid Cyclooctane/Cyclooctene
C h lo r id e  E th y l E th e r  1+5 0 .9
Bromide E th y l E th e r  7 1*7
Bromide THF 38  2 .8
*Starting halide was not found after reaction.
The in c re a s e d  amount o f  a c id  p ro d u c t from  r e a c t io n  o f  c y c lo o c ty l ­
magnesium brom ide in  THF com pared to  t h a t  form ed in  e th y l  e th e r  s o lv e n t  
r e s u l t s  from  s t a b i l i z a t i o n  o f  th e  carbon-m agnesium  bond in  a  more io n ic  
form  p re v e n tin g  consum ption  o f  th e  o rg a n o m e ta l l ic  in  r a d i c a l  r e a c t io n  
w ith  th e  s t a r t i n g  h a l id e .  I f  fo rm a tio n  o f  c y c lo o c ta n e  p roceeded  by 
a  h e t e r o l y t i c  pathw ay, a  s m a l le r  y i e ld  o f  a c id  would be ex p ec ted  in  
THF s o lv e n t  r a t h e r  th a n  a  l a r g e r  o n e . The b e t t e r  y i e ld  o b ta in e d  from 
cyclooc ty lm agnesium  c h lo r id e  i n  e th y l  e th e r  com pared to  th e  co rre sp o n d in g
brom ide p ro b a b ly  r e f l e c t s  th e  g r e a t e r  s t a b i l i t y  o f  th e  a lk y l  c h lo r id e  
to  f u r th e r  r e a c t io n  w ith  alky lm agneslum  h a l id e s  as  compared to  th e  
a lk y l  b rom ide. The r a t i o  o f  c y c lo o c ta n e /c y c lo o c te n e  o f  0 .9  f o r  c y c lo ­
octy lm agnesium  c h lo r id e  a p p a re n t ly  i n d ic a te s  h e t e r o l y t i c  r e a c t io n  o r  
r a d i c a l  r e a c t io n  in  a  cage  p ro c e s s  i n  w hich d i f f u s io n  from  th e  cage 
to  r e a c t  w ith  s o lv e n t  was u n l ik e ly  b e fo re  d i s p r o p o r t io n a t io n  o r 
c o u p lin g  to o k  p la c e .  The g r e a t e r  p r o p o r t io n  o f  c y c lo o c ta n e  found in  
r e a c t io n s  w ith  c y c lo o c ty l  brom ide p ro b a b ly  r e s u l t s  from  g r e a te r  oppor­
t u n i ty  f o r  r a d i c a l  r e a c t io n  w ith  s o lv e n t .
The fo rm a tio n  o f  c y c lo o c ty l l i th iu m  from  th e  c h lo r id e  r e s u l te d  
in  th e  ap p ea ran ce  o f  a  h y d ro ca rb o n  p ro d u c t ,  b ic y c lo [ 3 . 3 . 0 ] o c ta n e ,  which 
was n o t found in  fo rm a tio n  o f  th e  G rig n a rd  r e a g e n t .  U n like  c y c lo o c ta n e  
and c y c lo o c te n e , th e  b ic y c lo [ 3 . 3 *0 ] ° c ta n e  does n o t a r i s e  d i r e c t l y  from 
r e a c t io n  o f  th e  c y c lo o c ty l  r a d i c a l . 6 S e v e ra l  m ethods o f  fo rm a tio n  o f 
th e  compound can  be  p o s tu la te d  a s  d is c u s s e d  in  th e  fo llo w in g  p a ra g ra p h s .
T ra n s a n n u la r  1 ,5  e l im in a t io n  o f  l i th iu m  h y d rid e  from  c y c lo ­
o c ty l l i th iu m  was e l im in a te d  as  a  pathw ay to  th e  b ic y c l i c  compound as 
fo llo w s : (a )  exchange o f  d ic y c lo o c ty lm e rc u ry  w ith  l i th iu m , w hich d id
n o t r e s u l t  i n  th e  fo rm a tio n  o f  b i c y c l i c  p ro d u c .t, d em o n stra ted  th e  n e c e s ­
s i t y  o f  c y c lo o c ty l  c h lo r id e  f o r  b i c y c l i c  fo rm a tio n ; (b) th e  r a t i o  o f  
b lc y c lo o c ta n e :c y c lo o c te n e  was d e c re a se d  from  0 .1 2  to  0 .0 3  when a-  
d e u te r io c y c lo o c ty l  c h lo r id e  was u sed  in  p la c e  o f  u n la b e le d  h a l id e  in  
THF s o lv e n t .  Such an  i s o to p e  e f f e c t  would n o t have been  ex p ec ted  in  
th e  t r a n s a n n u la r  e l im in a t io n  pathw ay ; (c )  r e a c t io n  o f  b u ty l l i th iu m  in  
th e  p re se n c e  o f  TMEDA upon c y c lo o c ty l  c h lo r id e  produced
b ic y c lo [ ) .5 .0 ] o c ta n e .  F orm ation  o f  c y c lo o c ty l l i th iu m  by exchange o f 
th e  l i th iu m  re a g e n t w ith  th e  c h lo r id e  would be u n l ik e ly  s in c e  i t  would 
be n e c e ssa ry  to  form a  seco n d ary  c a rb a n io n  from  a p rim ary  one.
The fo rm a tio n  o f  b icy c looctane  p ro d u c t by a  c a rb e n o id  i n t e r ­
m e d ia te  i s  c o n s id e re d  u n l ik e ly  on th e  b a s i s  t h a t  a - h a lo a lk y l l i th iu m  
compounds g e n e ra l ly  do n o t i n s e r t  i n to  a  c a rb o n -h y d ro g en  bond o f  a  
s a tu r a te d  h y d ro ca rb o n . 3 4 *43 In  p o s tu la te d  c a se s  o f  c a rb e n o id  i n s e r t i o n  
in to  C-H b onds, oxygen i s  e i t h e r  bound to  th e  c a rb e n o id 44 o r  a lp h a  to  
th e  C-H bond u n d erg o in g  i n s e r t i o n . 45
In  c o n t r a s t  to  th e  la c k  o f  C-H i n s e r t i o n  found in  o -h a lo a lk y l-  
l i th iu m  compounds, c a rb en e s  form ed by o - e l im in a t io n  o f  p rim ary  a lk y l  
h a l id e s  y ie ld  C-H in s e r t i o n  in to  s a tu r a te d  p o r t io n s  o f  th e  m o le c u le . 46*47 
In  th e  c a se  o f  seco n d ary  a lk y l  h a l i d e s ,  a - e l im in a t io n  has been  found 
o n ly  i n  2 -c h lo ro n o rb o rn a n e . 18>47 The a - e l im in a t io n s  d is c u s s e d  above 
w ere u s u a l ly  c a r r i e d  o u t u s in g  an  organosodium  b a s e . 18*46*47 A lthough  
a  p re v io u s  a tte m p t to  a c h ie v e  a - e l im in a t io n  w ith  a lk y l  h a l id e s  by u se  
o f  an o rg a n o lith iu m  b ase  was n o t s u c c e s s f u l , 47 a  c a rb en e  mechanism 
w ith  an o rg a n o lith iu m  b a se  seems th e  m ost r e a s o n a b le  mechanism f o r  b i -  
c y c lo o c ta n e  fo rm a tio n  a s  d is c u s s e d  below .
a )  The e f f e c t iv e n e s s  o f  an o rg a n o lith iu m  b a se  in  a c h ie v in g  
a - e l im in a t io n  from  c y c lo o c ty l  c h lo r id e  i s  a cco u n ted  f o r  by th e  r e l i e f  
o f  s t e r i c  s t r a i n  in  th e  c y c lo o c ty l  sy stem  upon rem oval o f  th e  a -  
hydrogen . T h is  s t e r i c  e f f e c t  i s  p a r t i c u l a r l y  im p o rta n t b ecau se  in  
u n s tra in e d  system s th e  en erg y  r e q u ir e d  f o r  hydrogen  rem oval i s  com­
p e n sa te d  o n ly  by energ y  o f  th e  new bond to  th e  a t t a c k in g  b a s e . In
th e  com peting  p ro c e ss  o f  /?-e l im in a t io n ,  a d d i t io n a l  en ergy  i s  a ls o  
g a in ed  by fo rm a tio n  o f  th e  new C-C bond o f  th e  p ro d u c t o l e f i n . 143 T hus, 
th e  e f f e c t  o f  s t e r i c  s t r a i n  r e l i e f  sh o u ld  fa v o r  b o th  a- and 0 - 
e l im in a t io n ,  b u t  th e  e f f e c t  sh o u ld  be  more i n f l u e n t i a l  on a -e l im in a t io n .
b ) The r a t i o  o f  b ic y c lo o c ta n e  to  o l e f i n  fo rm a tio n  in  th e  
r e a c t io n  o f  c y c lo o c ty l l i th iu m  w ith  th e  c h lo r id e  in c re a s e s  w ith  th e  
o rd e r  o f  p rom otion  o f  io n ic  r e a c t io n ,  i . e . ,  THF > e th y l  e th e r  >  pen­
t a n e , 42 as shown below .
S o lv en t Bicyclor 3 .5 .Q lo c ta n e /C y c lo o c te n e
THF 0 .1 2
E th y l E th e r 0 .0 3
P en tan e  0 .0 0 6
c )  A d eu teriu m  is o to p e  e f f e c t ,  k g /k p  5: 4 , i s  ob serv ed  in  
r e a c t io n s  o f  a - d e u te r io c y c lo o c ty l  c h lo r id e .  The v a lu e  o f  th e  is o to p e  
e f f e c t  found in d ic a te s  a  c o n s id e ra b le  amount o f  b re a k in g  o f  th e  C-h (d ) 
bond i n  th e  t r a n s i t i o n  s t a t e  o f  th e  r a t e  d e te rm in in g  s t e p .  Such a 
f in d in g  i s  in  acco rd  w ith  b a s ic  a b s t r a c t i o n  o f  th e  a -h y d ro g en  w ith  
c o n c u rre n t d e p a r tu re  o f  th e  h a l id e  r e s u l t i n g  i n  fo rm a tio n  o f ca rb en e  
w hich undergoes r a p id  t r a n s a n n u la r  C-H i n s e r t i o n .  Of c o u rs e , C-H in ­
s e r t i o n  may c o n ce iv a b ly  o ccu r in  a  c o n c e r te d  m anner w ith  a - e l im in a t io n  
b e fo re  p ro d u c tio n  o f  a  f r e e  ca rb en e  in te r m e d ia te .
d ) In  th e  p re p a ra t io n  o f  c y c lo o c ty l l i th iu m  i n  e th y l  e th e r  
a t  - 35° ,  th e  fo llo w in g  r a t i o s  o f  h y d ro carb o n  p ro d u c ts  w ere o b ta in e d  
by u se  o f  c y c lo o c ty l  c h lo r id e  o r  b rom ide.
P ro d u c ts ,  R e la t iv e  
M olar Amounts C h lo rid e Bromide
C yclooctene 1 .0 1 .0
B lc y c lo [3 . 3 . 0 ]o c ta n e 0 .0 3 0 O.OO85
C y clooctane 1-5 2 .0
The d e c re a se  in  b ic y c lo o c ta n e /o le f in  r a t i o  o b se rv ed  w ith  c y c io o c ty l  
brom ide i s  in  a cco rd  w ith  p re v io u s  d e c re a se  in  a -  compared to  /?- 
e l im in a t io n  when one changes from  th e  c h lo r id e  to  th e  b ro m id e . 43 How­
e v e r ,  th e  d e c re a se  in  b ic y c lo o c ta n e /o le f in  r a t i o  a ls o  co u ld  r e s u l t  
from  more e x te n s iv e  fo rm a tio n  o f  o l e f i n  by d is p r o p o r t io n a t io n  o f  c y c lo ­
o c ty l  r a d ic a l s  g e n e ra te d  more e a s i l y  from  c y c lo o c ty l  b rom ide.
The fo rm a tio n  o f  b ic y c lo [3 .3 * 0 ]o c ta n e  as  a  r e s u l t  o f  th e  
a c t i o n  o f  a  c a rb a n io n ic  s p e c ie s  p ro v id e s  an exam ple o f  th e  g r e a te r  
io n ic  c h a r a c te r  o f  th e  C-Li bond a s  compared to  t h a t  o f  th e  C-Mg bond. 
S in c e , u n l ik e  a lk a n e  o r  o l e f i n ,  b ic y c lo o c ta n e  p ro d u c t i s  n o t formed by 
a  r a d i c a l  pathw ay, a  c a rb a n io n ic  pathw ay in  th e  r e a c t io n  o f  a lk y l  
h a l id e s  w ith  o rg a n o lith iu m  compounds can  be e s t a b l i s h e d  on th e  b a s is  
o f  p ro d u c t s tu d i e s .  As d is c u s s e d  in  th e  I n t r o d u c t io n ,  s e v e ra l  s tu d i e s 21 
em ploying e s r  have d em o n stra ted  th e  e x is te n c e  o f  r a d i c a l  pathw ays in  th e  
r e a c t io n  o f  a lk y lh a l id e s  w ith  o rg a n o lith iu m  compounds. C o n s id e ra tio n  
o f  th e  r e a c t io n  p a th s  a v a i l a b le  f o r  th e  r e a c t io n  o f  o rg a n o lith iu m  com­
pounds w ith  c y c lo o c ty l  c h lo r id e  shown in  F ig u re  3 r e v e a ls  t h a t  m easure­
ment o f  th e  b ic y c lo o c ta n e /o le f in  r a t i o  can  p ro v id e  in s ig h t  in to  th e  
tendency  f o r  r a d i c a l  v e rs u s  io n ic  r e a c t io n  o f  an  o rg a n o lith iu m  compound. 
The r a t i o  o f  b ic y c lo o c ta n e  to  o l e f i n  sh o u ld  in c r e a s e  w ith  th e  In c re a s in g  
io n ic  c h a r a c te r  o f  th e  compound s in c e  a  s t r o n g e r  b ase  fa v o rs  a- o v er
FIGURE k
R e a c tio n  o f  O rg an o lith iu m  Compounds w ith  C y c lo o c ty l C h lo rid e  
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/^ - e l im in a t io n . 43 A ls o , th e  g r e a te r  io n ic  c h a r a c te r  o f  th e  l i th iu m  
re a g e n t  sh o u ld  g iv e  a  l e s s e r  amount o f  r a d i c a l  fo rm a tio n  and hence o f  
o l e f i n  p ro d u c tio n  by d i s p r o p o r t io n a t io n  r e a c t io n .  F o r exam ple, o l e f in  
p ro d u c ts  o b ta in e d  from  th e  r e a c t io n  o f  c y c lo o c ty l l i th iu m  and o f  s e c - 
b u ty l l i th iu m  w ith  c y c lo o c ty l  c h lo r id e  a r e  t a b u la te d  below .
P ro d u c ts ,  R e la t iv e  C y c lo o c ty l-  s e c -
M olar Amounts l i th iu m  B u ty l l i th iu m
C y clo o c ten e  1 .0  1 .0
Bicyclo[3.3*0 ]°ctane 0.030 0.12
C y clo o ctan e  1.5 0*55
Due to  th e  s i m i l a r i t y  o f  s t r u c t u r e  o f  th e  two seco n d ary  o rg a n o lith iu m  
compounds th e  r a t i o  o f  d is p r o p o r t io n a t io n  to  c o u p lin g  was c o n s id e re d  
a p p ro x im a te ly  e q u a l ;  t h e r e f o r e ,  m easurem ent o f  c o u p lin g  p ro d u c ts  was 
n o t  n e c e s sa ry  f o r  d e te rm in a tio n  o f  th e  r e l a t i v e  io n ic  c h a r a c te r  o f  th e  
compounds. L ik e w ise , th e  r a t i o  o f  1 ,2 -  to  1 ,5-C -H  i n s e r t i o n  in  oi- 
e l im in a tio n  o f  th e  c h lo r id e  r e s u l t i n g  from  r e a c t io n  w ith  l i th iu m  r e ­
a g e n ts  was c o n s id e re d  a p p ro x im a te ly  e q u a l .  The b ic y c lo o c ta n e :c y c lo ­
o c te n e  r a t i o  f o r  th e  s e c - b u ty l l i th iu m  was a p p ro x im a te ly  fo u r  tim es  
l a r g e r  th a n  t h a t  f o r  r e a c t io n  w ith  th e  c y c lo o c ty l l i th iu m ,  which in d i ­
c a te s  a  c o n s id e ra b ly  l e s s e r  io n ic  c h a r a c te r  f o r  th e  l a t t e r  compound.
The d e c re a se d  io n ic  c h a r a c te r  o f  c y c lo o c ty l l i th iu m  seems caused  by ac ­
c e l e r a t i o n  o f  d i s s o c i a t i o n  to  a f r e e  r a d i c a l  by r e l i e f  o f  s t e r i c  
s t r a i n .  T h is  e f f e c t  h a s  been  docum ented p re v io u s ly  i n  th e  r a d ic a l  
a b s t r a c t i o n  o f  hydrogen  from  medium r in g  compounds and d i s s o c ia t io n  o f  
a z o b i s n i t r i l e s . 40 ,41  In  c o n t r a s t  to  i t s  le s s e n e d  b a s ic  a c t i v i t y ,  a t  -350 
c y c lo o c ty l l i th iu m  i s  e x c e p t io n a l ly  r e a c t i v e  w ith  e th y l  e th e r  y ie ld in g
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a  1:1  r a t i o  o f  3- c y c lo o c ty lp ro p io n ic  a c id :c y c lo o c ta n e c a r b o x y lic  a c id .  
S in ce  u n s tr a in e d  secondary  o rg a n o lith iu m  compounds, e . £ . , c y c lo h e x y l-  
l l th lu m ,  a r e  s t a b l e  to  e th y l  e th e r  below  - 1 0 ° ,32  th e  r e a c t io n  o f  
e th e r s  w ith  secondary  o rg a n o lith iu m  compounds a p p a r e n t ly  fo llo w s  a  
r a d i c a l  r e a c t io n  pathw ay.
The r a t i o  o f  a - : j8- e l im in a t io n  in  th e  c a se  o f  one r e a c t io n  
can  be  c a lc u la te d  from  th e  r a t i o  o f  h y d ro ca rb o n  p ro d u c ts  ( ta b u la te d  
below ) o b ta in e d  from  th e  r e a c t io n  o f  b u ty l l i t h iu m  com plexes w ith  TMEDA 
in  p en tan e  s o lv e n t .  Butyllithium-TM EDA h as  been  re p o r te d  to  r e a c t
Relative
 P ro d u c ts________  M olar Amounts
C y clo o cten e  1 .0
Bicyclo[3 .3*0 ]°ctane 0.10
C y clooctane  0 .0 6
w ith  a lk y l  h a l id e s  by an io n ic  p a th w ay , 34  and p redom inan t io n ic  r e ­
a c t io n  i s  in d ic a te d  by th e  sm all amount o f  c y c lo o c ta n e  fo rm a tio n . As­
suming t h a t  th e  amounts o f  c y c lo o c ta n e  and c y c lo o c te n e  form ed by d i s ­
p ro p o r t io n a t io n  a r e  a p p ro x im a te ly  e q u a l ,  th e  amount o f  c y c lo o c te n e  
p roduced  by r a d i c a l  pathw ay i s  n e g lig ib le .c o m p a re d  to  th e  t o t a l  am ount. 
I f  one ta k e s  th e  r a t i o  o f  b ic y c lo o c ta n e :c y c lo o c te n e  a s  th e  r a t i o  o f  
a - :/?-e l im in a t io n ,  a p p ro x im a te ly  10$ a - e l im in a t io n  m ust o c c u r . S in ce  
c y c lo o c te n e  i s  formed in  a - e l im in a t io n  by 1 ,2  i n s e r t i o n  and th e  
r a t i o  o f  1 , 2 : 1 ,5  i n s e r t i o n  p re v io u s ly  found in  th e  c y c lo o c ty l  system  
i s  a t  l e a s t  o n e , ^  a  minimum v a lu e  o f  20$  a - e l im in a t io n  i s  p ro b a b ly  a  
more a c c u ra te  e s t im a te .
3k
The fo rm a tio n  o f  b ic y c lo [ 3 .3 .0 ] o c ta n e  by o f-e lim in a tio n  from  
c y c lo o c ty l  h a l id e s  by o rg a n o lith iu m  compounds i s  e v id en c e  f o r  th e  
g r e a t e r  io n ic  c h a r a c te r  o f  th e  C -L i bond compared to  th e  C-Mg bond.
The r e l a t i v e  amounts o f  b ic y c lo [ 3 .3 .0 ] o c ta n e  and c y c lo o c te n e  form ed 
p ro v id e  I n s ig h t  in to  s o lv e n t  and s t e r i c  e f f e c t s  upon th e  c a rb a n io n ic  
v e rs u s  th e  r a d i c a l  r e a c t io n  p a th s  o f  o rg a n o lith iu m  compounds. P a r t i ­
c u la r  em phasis has been  p la ce d  upon th e  r e a c t io n  o f  c y c lo o c ty l l i th iu m . 
T hus, th e  in fo rm a tio n  d e r iv e d  from  th e  fo rm a tio n  o f  b i c y c l o [ 3 .3 .3 ] “ 
o c ta n e  i s  a  v a lu a b le  supplem ent to  th e  s tu d y  o f  c a rb a n io n ic  i n t e r ­
m e d ia te s  in  medium r in g  compounds.
The m ain p u rp o se  o f th e  D i s s e r t a t i o n  was to  ex ten d  th e  know­
led g e  o f  t r a n s a n n u la r  p ro c e sse s  in  medium r in g  compounds to  c a rb a n io n ic  
in te r m e d ia te s .  T ra n sa n n u la r  re a rra n g em e n t a p p a re n tly  does o c cu r in  
c y c lo o c ty lso d iu m , w hich c o n ta in s  a  h ig h ly  io n ic  c a rb o n -m e ta l bond. 
R earrangem ent was n o t o b serv ed  in  c y c lo o c ty lm e ta l  compounds o f  l i th iu m , 
m agnesium , o r  m ercu ry , w hich have a  l e s s e r  amount o f  io n ic  c h a r a c te r .  
T ra n sa n n u la r  e l im in a t io n  was n o t o b se rv ed  f o r  any o f  th e  c y c lo o c ty l ­
m e ta l compounds I n v e s t ig a te d ,  b u t  b ic y c lo o c ta n e  was i d e n t i f i e d  a s  a  
ca rb en e  I n s e r t io n  p ro d u c t form ed by r e a c t io n  o f  th e  o rg a n o lith iu m  w ith  
th e  c y c lo o c ty l  c h lo r id e  from  w hich th e  o rg a n o lith iu m  was b e in g  p re p a re d .
III. CONCLUSIONS
T ra n sa n n u la r  r e a c t io n s  o c c u r  in  medium r in g  carbonium  io n , 
c a rb e n e , 39  and r a d i c a l 3 p ro c e s s e s .  T h is  D i s s e r t a t i o n  shows t h a t  r e ­
arran g em en t o c c u rs  in  th e  c y c lo o c ty l  c a rb a n io n  and i s  b e s t  e x p la in e d  
on th e  b a s i s  o f  1 ,3  and 1 ,5  t r a n s a n n u la r  p ro to n  s h i f t s  c o rre sp o n d in g  
to  th e  1 ,3  and 1 ,5  r e a c t io n s  found i n  o th e r  ty p e s  o f  in te rm e d ia te s .
A s m a lle r  amount o f  re a rra n g e m e n t, w hich*could  be acco u n ted  f o r  by 
s in g le  1 ,2  p ro to n  s h i f t s ,  was found i n  th e  c y c lo h e x y l c a rb a n io n .
S in ce  th e  c y c lo o c ty l  r a d i c a l  i s  known n o t  to  undergo  r e a r ­
rangem en t, 6 ,3  th e  s h i f t s  found in  th e  c y c lo o c ty l  sy stem  can be a s ­
c r ib e d  s o le ly  to  a  c a rb a n io n ic  m echanism . A l t e r n a t iv e  r a d i c a l  mech­
anism s have been  p o s s ib le  e x p la n a tio n s  f o r  c a rb a n io n ic  s h i f t s  re co rd ed  
in  o th e r  sy s te m s . 12>13>14
The ten d en cy  f o r  rea rran g em en t i s  c o n t r o l l e d  by th e  e l e c t r o ­
p o s i t i v e  c h a r a c te r  o f  th e  c a t io n  w hich  d e te rm in e s  th e  io n ic  c h a r a c te r  
o f  th e  c a rb o n -m e ta l bond. R earrangem ent o c c u rs  w ith  c y c lo o c ty lso d iu m , 
b u t c y c lo o c ty lm e ta l  compounds h av in g  l e s s  e l e c t r o p o s i t i v e  c a t io n s  
( l i th iu m ,  m agnesium , o r  m ercury) do n o t r e a r r a n g e .
O rg an o lith iu m  compounds w ere found to  r e a c t  w ith  c y c lo o c ty l  
c h lo r id e  to  form  b ic y c lo [ 3 . 3 .0 ]o c ta n e  by a - e l im in a t io n  o f  th e  c h lo r id e .  
P re v io u s  a t te m p ts  to  o b ta in  a - e l im in a t io n  o f a lk y l  h a l id e s  by organo­
l i th iu m  compounds have n o t been  s u c c e s s f u l . 26 The fo rm a tio n  o f  
b ic y c lo [ 3 . 3 »0 ]o c ta n e  a p p a re n tly  i s  th e  r e s u l t  o f  c a rb a n io n ic  r a th e r  
th a n  r a d i c a l  r e a c t io n  o f  th e  o rg a n o m e ta l l ic .  T h e re fo re ,  th e  m easure­
ment o f  th e  r e l a t i v e  amounts o f  b ic y c lo o c ta n e  to  r a d i c a l  p ro d u c ts  can
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p ro v id e  a  m easure o f  th e  tendency  o f  th e  o rg a n o lith iu m  compound f o r  
c a rb a n io n ic  and r a d i c a l  r e a c t io n s .  Such a  com parison  o f  s e c - b u ty l -  
l i th iu m  w ith  c y c lo o c ty l l i th iu m  shows th e  l a t t e r  compound to  have a 
g r e a t e r  ten d en cy  f o r  r a d i c a l  r e a c t io n .  The g r e a te r  ten d en cy  f o r  
r a d i c a l  r e a c t io n  found w ith  c y c lo o c ty l l i th iu m  seems to  be d i r e c t l y  r e ­
l a t e d  to  a  g r e a t e r  r e l i e f  o f  s t e r i c  s t r a i n  by fo rm a tio n  o f  a  r a d i c a l  
in te rm e d ia te  compared to  a  c a rb a n io n  in te r m e d ia te .
An o p p o r tu n i ty  to  e s t im a te  th e  r a t i o  o f  a:fi e l im in a t io n  
o c c u r re d  i n  th e  r e a c t io n  o f  c y c lo o c ty l  c h lo r id e  w ith  b u ty l l i th iu m  
com plexed by TMEDA. A minimum v a lu e  o f  0 .2  f o r  th e  r a t i o  o f  a :/J  
e l im in a t io n  was o b ta in e d  f o r  t h i s  sy stem .
XV. EXPERIMENTAL
The compounds u sed  in  a l l  s y n th e s e s  w ere re a g e n t g rad e  com­
m e rc ia l  ch em ica ls  an d , ex cep t f o r  s o lv e n t s ,  r e q u ir e d  no f u r th e r  
t r e a tm e n t .  A lk a l i  m e ta l d is p e r s io n s  and l i th iu m  w ire  w ere o b ta in e d  
from  V en tro n . B u ty l-  and s e c - b u ty l l i th iu m  s o lu t io n s  w ere o b ta in e d  
from  F o o te  M in era l Company. P u r i f i c a t i o n  p ro c e d u re s  f o r  s o lv e n ts  r e ­
q u ir in g  such  tre a tm e n t a r e  o u t l in e d  below .
_________ S o lv e n t_________   P u r i f i c a t i o n  P ro ced u re____________
D im ethylform am ide (DMF) D i s t i l l a t i o n  from  c a lc iu m  h y d r id e ,  f o l ­
lowed by s to ra g e  o v e r c a lc iu m  h y d r id e .
E th y l e th e r  S to rag e  o v e r c a lc iu m  h y d r id e .
P en tan e  Washing w ith  c o n c e n tra te d  s u l f u r i c  a c id
u n t i l  a c id  la y e r  was c o l o r l e s s ;  w ashing 
w ith  w a te r ;  s to r a g e  o v e r  c a lc iu m  h y d r id e .
T e tra h y d ro fu ra n  (THF) P re lim in a ry  d ry in g  w ith  c a lc iu m  h y d r id e ,
fo llo w ed  by d i s t i l l a t i o n  from  l i th iu m  
aluminum h y d r id e ;  s to ra g e  i n  s e a le d  am­
p o u les  .
A ll  r e a c t io n  m ix tu re s  w ere s t i r r e d  by m agnetic  o r  m oto r d r iv e n  s t i r r e r  
u n le s s  o th e rw is e  s t a t e d .
The in f r a r e d  ( i r )  s p e c t r a  w ere o b ta in e d  w ith  a  P e rk in -E lm er 
In f ra c o rd  Model 137 in f r a r e d  s p e c tro m e te r ;  sam ples o f  compounds w ere 
exam ined a s  th in  f i lm s  on sodium  c h lo r id e  p l a t e s .
Except f o r  d eco u p lin g  e x p e r im e n ts , th e  n u c le a r  m ag n etic  r e ­
sonance (nmr) s p e c t r a  were o b ta in e d  w ith  a  V a rla n  A s s o c ia te s  Model A60A
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nmr s p e c tro m e te r ;  sam ples w ere d is s o lv e d  In  carbon  t e t r a c h l o r id e  w ith  
te t r a m e th y ls i l a n e  (TMS) as  I n t e r n a l  r e f e r e n c e .  D e u te ra tlo n  o f  com­
pounds was d e te rm in ed  by nmr to  w i th in  + 5$  u n le s s  o th e rw ise  s t a t e d .
A d e t a i l e d  d is c u s s io n  o f  m ethods used  i s  g iv en  in  A ppendix 1.
Gas ch ro m ato g rap h ic  (g c ) d a ta  w ere o b ta in e d  w ith  Beckman 
Model GC5 and H e w le tt-P ack a rd  Model J00 in s tru m e n ts ,  b o th  equ ip p ed  
w ith  hydrogen  flam e io n iz a t io n  d e te c to r s  and 1 / 8 " aluminum colum ns.
Mass s p e c t r a  (ms) w ere o b ta in e d  from  a  C o n so lid a te d  E le c t r o ­
dynam ics C o rp o ra tio n  Model 21-130 in s tru m e n t by D r. H. T. B ic k le y  o f  
th e  L o u is ia n a  S ta t e  U n iv e r s i ty  C hem istry  D epartm ent te c h n ic a l  s t a f f .
A. P r e p a r a t io n  o f  a -D e u te r io c y c lo a lk y l  H a lid es
l . ( a )  a -D e u te r io c y c lo o c ta n e c a rb o x y lic  A cid
a -D e u te r io c y c lo o c ta n e c a rb o x y lic  a c id  was p re p a red  by d i s ­
so lv in g  th e  a c id  in  DgS04. The p u b lish e d  p ro ced u re  o f E. E. G reen6 
was u se d , e x ce p t t h a t  th e  mole r a t i o  o f  c y c lo o c ta n e c a rb o x y lic  a c id  to  
D2S0 4 was changed from 1 .0 : 1 .6  to  1 .0 : 2 .0 , and bromoform was used  in ­
s te a d  o f  p e n ta n e  to  e x t r a c t  th e  c a rb o x y lic  a c id  from  th e  r e a c t io n  m ix­
t u r e .  The m ethod r e s u l t e d  in  th e  in c o rp o ra t io n  o f  0 . 6 j  +  0 .0 5  m ole 
f r a c t i o n  o f  d eu te r iu m  i n  th e  a lp h a  p o s i t io n  as  shown by nmr a n a ly s i s .
l . ( b )  P r e p a r a t io n  o f  a -D e u te r io c y c lo o c ty l  C h lo rid e 27
c v -D eu te rio cy c lo o c tan e c a rb o x y lic  a c id  (i^O.O g , 0 ,2 5 5  m ole , 
67$  a-D ) was added to  200 ml o f  benzene in  a  th re e -n e c k , 1000 ml f la s k  
equ ipped  w ith  a s t i r r e r  and co n d en se r. Lead t e t r a a c e t a t e  ( 3 8 .2  g ,
O.O763 m ole) was ad d ed , and a f t e r  f i f t e e n  m in u tes  th e  s t i r r e r  was
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s to p p ed  f o r  th e  a d d i t io n  o f  l i th iu m  c h lo r id e  ( 7 .2  g , 0 .1 7  m o le ). The 
r e a c t io n  v e s s e l  was p la c e d  in  a  w a te r  b a th  a t  75°» s t i r r e r  was r e ­
s t a r t e d ,  and n i t r o g e n  was p a sse d  th ro u g h  th e  r e a c t io n  m ix tu re . A 
v ig o ro u s  e v o lu t io n  o f  c a rb o n  d io x id e  began  a f t e r  a  few m in u te s , and 
th e  n i t r o g e n  flo w  was s to p p e d . R e a c tio n  was com plete  a f t e r  tw enty  
m in u tes  a s  shown by c e s s a t io n  o f  ca rb o n  d io x id e  e v o lu t io n  and lo s s  o f  
th e  b r ig h t  y e llo w  c o lo r  o f  th e  r e a c t io n  m ix tu re . The w a te r  b a th  was 
rem oved, th e  r e a c t io n  m ix tu re  was a llo w ed  to  co o l to  room te m p e ra tu re , 
and g l a c i a l  a c e t i c  a c id  (1+1 g ,  0 .J 1  m ole) was added . A f te r  f i f t e e n  
m in u tes  th e  r e a c t io n  m ix tu re  was poured  in to  a  s e p a ra to ry  fu n n e l and 
e x tr a c te d  w ith  th r e e  75_®1 p o r t io n s  o f  a  m ix tu re  o f  75$ d i l u t e  aqueous 
p e r c h lo r ic  a c id  (7$ ) anc* 25$ s a tu r a te d  sodium  c h lo r id e  s o lu t io n ,  th r e e  
100-ml p o r t io n s  o f  w a te r ,  th r e e  75~ml  p o r t io n s  o f  1 M sodium h y d ro x id e , 
and fo u r  75- ml p o r t io n s  o f  w a te r .  A c id i f i c a t io n  o f th e  b a s ic  w ashings 
gave 20 g ( 50$) o f  re c o v e re d  a -d e u te r io c y c lo o c ta n e c a rb o x y l ic  a c id  w hich 
showed no lo s s  o f  a -d e u te r iu m  upon a n a ly s is  by nmr. The o rg a n ic  la y e r  
was d r ie d  o v e r MgS04 and c o n c e n tra te d  w ith  th e  w a te r  a s p i r a t o r .  D i s t i l ­
l a t i o n  o f  th e  r e s id u e  gave 8 .0  g (22$ y ie ld )  o f  a - d e u te r io c y c lo o c ty l  
c h lo r id e  (bp 63- 66°  a t  7 mm). The i r  sp ec tru m  showed a  peak a t  b.60  p, 
(C-D s t r e t c h i n g  re g io n )  b u t o th e rw ise  was s im i la r  to  t h a t  o f  th e  undeu- 
t e r a te d  compound. Nmr a n a ly s i s  in d ic a te d  77$ d e u te r a t io n  a t  th e  a lp h a  
p o s i t io n .
2 . (a )  P r e p a r a t io n  o f  e y e lo h e x a n o l-1 -cl
L ith iu m  aluminum d e u te r ld e  (2 .h  g ,  0 .0 5 7  m ole) was added to  
375 ml o f  e th y l  e t h e r  i n  a  500 ml th re e -n e c k  f l a s k ,  an d , a f t e r  20 
m in u te s , a  s o lu t io n  o f  cyclohexanone  (19*5 S> 0*200 m ole) in  50 ml o f
to
o th e r  was added s lo w ly . The r e a c t io n  m ix tu re  was re f lu x c d  f o r  20 h o u rs . 
To I t  was added d ropw lse  and s u c c e s s iv e ly  2 .5  ml o f  w a te r ,  2 .5  ml o f  
15$ sodium  h y d ro x id e  s o lu t io n ,  and 7*5 ml o f  w a te r . The r e a c t io n  
m ix tu re  was f i l t e r e d ,  d r ie d  by MgS04- D r l e r l t e ,  c o n c e n tra te d  by r o ta r y  
e v a p o r a t io n ,  and d i s t i l l e d  to  g iv e  16 g ( 80$) o f  c y c lo h e x a n o l- l-d  (bp 
160-162°; l i t 48 1 6 1 .1 ° ) .  I t s  i r  sp ec tru m  showed a  peak a t  t o 70 p.
( l i t 49 4 .6 4  p,) f o r  O D  s t r e t c h ,  and nmr a n a ly s is  in d ic a te d  100$ deu- 
t e r a t i o n  a t  th e  1- p o s i t i o n .
2 . ( b )  P r e p a r a t io n  o f  o ^ D e u te rio c y c lo h e x y l C h lo rid e
a -D e u te r lo c y c lo h e x y l c h lo r id e  was p re p a re d  by r e a c t io n  o f  
th e  d e u te r a te d  a lc o h o l  w ith  phosphorus p e n ta c h lo r id e  in  c h lo ro fo rm .
The p ro c e d u re  o f  G oering  and M cCarron50 was fo llo w ed  ex ce p t t h a t  c y c lo -  
h e x a n o l- l - d  from  2 . (a )  was u sed  in  p la c e  o f c y c lo h e x a n o l, c a lc iu m  c a r ­
b o n a te  was n o t ad d ed , and th e  w ork-up was m o d if ied  a s  d e s c r ib e d  below .
The r e a c t io n  m ix tu re  was washed w ith  w a te r  fo llo w ed  by s a tu r a te d  
aqueous sodium  b ic a r b o n a te ,  d r ie d  o v e r CaCl2 , and c o n c e n tra te d  by 
r o ta r y  e v a p o r a t io n .  D i s t i l l a t i o n  gave 7*0 8 (47$) o f  a - d e u te r io c y c lo -  
h ex y l c h lo r id e :  bp 49“ 54° (30 ®®) [ l i t 50 48-50° (30  mm) o f  u n d e u te ra te d
m a te r i a l ]  and 5 g ( 17$) o f  t r a n s - 1 . 2- d ic h lo ro c y c lo h ex a n e -l-_ d : bp
63- 65°  (4  mm) [ l i t 50 80- 85°  (27 mm)]. The m onoch lo ride  showed th e  C-D 
s t r e t c h i n g  a b s o r p t io n  a t  4 .5  p, ( l i t 49 4 .5 5  |J-) and C-Cl s t r e t c h i n g  
f r e q u e n c ie s  a t  1 4 .0  p, and 14 .9  [A (43*6 p, and 1 4 .6  p, f o r  D -f re e  c h lo r id e ) .  
Nmr a n a ly s i s  in d ic a te d  92$ d e u te r a t lo n  f o r  b o th  th e  m onoch lo ride  and 
th e  d ic h lo r id e  a t  th e  1- p o s i t i o n .
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2 . ( c )  P r e p a r a t io n  o f  a -D e u te r io c y c lo h e x y l Brom ide51
F r e s h l y - d i s t i l l e d  cy c lo h ex an o l-l-d ^  (12 g , 0 .1 2  m ole) was 
mixed w ith  tr ip h e n y lp h o s p h in e  ( j 6 . 4  g ,  0 .1 3 9  m ole) in  125 d i -
m ethylform am ide in  a n i t r o g e n  a tm o sp h e re . Bromine was added to  th e  
m ix tu re  w h ile  th e  f l a s k  te m p e ra tu re  was m a in ta in e d  below  10°  by u se  
o f  an  ic e  b a th , and a d d i t io n  was s to p p ed  when th e  brom ine c o lo r  p e r ­
s i s t e d  in  th e  s o lu t io n .  The r e a c t io n  m ix tu re  was a llow ed  to  warm to  
room te m p e ra tu re , and  a l l  v o l a t i l e  m a te r ia l  was removed by d i s t i l l a ­
t i o n  a t  10 mm. The d i s t i l l a t e  was poured  in to  500 ml o f  w a te r ,  and 
th e  c ru d e  c y c lo h e x y l brom ide was s e p a ra te d .  The w a te r  la y e r  was ex­
t r a c t e d  w ith  th r e e  100-m l p o r t io n s  o f  p e n ta n e , w hich w ere th e n  com­
b in ed  w ith  th e  c y c lo h e x y l b ro m id e . The o rg a n ic  m a te r ia l  was washed 
w ith  w a te r ,  d r ie d  o v e r MgS04 , c o n c e n tra te d  by r o ta r y  e v a p o ra t io n , and 
d i s t i l l e d  to  g iv e  2.5 g (25$) o f  c y c lo h e x e n e - l-d  [bp 53"56° (300 mm), 
l i t 48 bp 8 2 . 98°  (760  mm) f o r  c y c lo h e x e n e ]  and 2 .5  g ( 15$  o f  a- 
d e u te r io c y c lo h e x y l brom ide [bp 63-65° (30 mm), l i t 40 bp I63-I650 
(760  mm) f o r  c y c lo h e x y l b ro m id e ].
The o l e f i n  i r  sp ec tru m  showed th e  C-D s t r e t c h  a t  1|-. 1*8 p, and 
nmr a n a ly s is  in d ic a te d  100$ d e u te r a t i o n  a t  th e  1 - p o s i t io n .  The o le -  
f i n i c  nmr a b s o r p t io n  a t  6 5 .6  was a  c o n s id e ra b ly  b roadened  e ig h t  peak 
m u l t ip l e t  r a t h e r  th a n  th e  uneven t r i p l e t  re c o rd ed  f o r  cy c lo h ex en e . 
A lthough d e c o u p lin g  o f  t h i s  m u l t i p l e t  by i r r a d i a t i o n  o f  th e  b e ta  hydro ­
gen re g io n  a t  6 2 .1  was n o t c o m p le te , sh a rp en in g  o f  th e  m u l t ip l e t  a t  
6 5.6  to  g iv e  a  c ru d e ly  form ed t r i p l e t  w ith  “  1 .2 - 1 .4  Hz o c c u rre d .
By u se  o f  J j j /J j j  — 6  -  7 , 52 th e  HOCH v i c i n a l  c o u p lin g  c o n s ta n t ,  J ^ ,
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was c a lc u la te d  to  be  J .2  -  9 .8  Hz ( l i t 53 8 .8  -  11 H z). (D ecoupling  
ex p erim en ts  were co n d u cted  on a  100 MHz V arlan  A ss o c ia te s  NMR S p e c tro ­
m e te r Model HA-1 0 0 .)  A d d it io n a l  peaks o f  c y c lo h ex en e-l-c l a t  6 2 .1  
(b e ta  hydrogens) and 6 1 .6  (gamma hydro g en s) d id  n o t show any m ajo r 
change from  cy c lo h e x e n e . I n t e g r a t i o n  gave th e  r a t i o  o f  b e ta  and gamma 
hydrogens a s  8 .7 :1  ( t h e o r e t i c a l  8 .0 : 1 ) .  Gas ch ro m atog raph ic  a n a ly ­
s i s  showed th e  same r e t e n t io n  tim es  f o r  th e  d e u te ra te d  and u n d eu te - 
r a te d  compounds on A piezon  L , 1 0 .5  f t ,  90° and Carbowax 20M, 6 f t . , 70°.
Nmr a n a ly s is  o f  o -d e u te r io c y c lo h e x y l brom ide in d ic a te d  89$ 
d e u te r a t io n  in  th e  a lp h a  p o s i t i o n .  The nmr spec trum  showed a  d im in­
is h e d ,  p o o r ly - re s o lv e d  m u l t i p l e t  a t  6 4 .1 ,  th e  p o s i t io n  o f  th e  a lp h a  
hydrogen in  cy c lo h e x y l b ro m id e . The rem a in d er o f  th e  r in g  p ro to n s  
w ere grouped in  a  b ro ad  en v e lo p e  from  6 1 .1 - 2 .4 .
B. Preparation and Reactions of of-Deuteriocycloalkylmagnesium Halides
l . ( a )  P r e p a ra t io n  o f  o -D eu te rio cy c lo o c ty lm ag n esiu m  C h lo rid e
A 50° m l, th re e -n e c k  round bo ttom  f l a s k  was equ ipped  w ith  
a  n i t ro g e n  i n l e t ,  r e f lu x  c o n d e n se r , 25O ml a d d i t io n  f u n n e l ,  and a  mag­
n e t i c  s t i r r i n g  b a r .  The equ ipm ent was d r ie d  in  an  oven b e fo re  a ssem b ly , 
th e n  flam ed o u t i n  a  n i t r o g e n  s tre a m  b e fo re  u s e . a -D e u te r io c y c lo o c ty l 
c h lo r id e  (1 g , 0 .0 0 6  m o le , J6$  d e u te r a te d )  was mixed in  th e  5OO ml 
f l a s k  under s l i g h t  n i t r o g e n  p r e s s u r e  w ith  magnesium tu rn in g s  ( 3 . I  g ,
0 . I 3 g-atom ) in  25  ml o f  e th y l  e t h e r .  The r e a c t io n  was i n i t i a t e d  by 
a d d i t io n  o f  a  sm a ll c r y s t a l  o f  i o d in e ,  a f t e r  w hich th e  s o lu t io n  began 
to  r e f lu x  s lo w ly . R e flu x  was m a in ta in e d  by a d d i t io n  o f
1*3
a-deuteriocyclooctyl chloride ( 8 .5  g> O.O58 inole) in I 50 ml of ethyl 
ether. Reflux was maintained by use of a heating mantle if necessary. 
The nitrogen pressure was released, the reaction mixture was protected 
by use of a calcium chloride drying tube, and reflux was continued for 
12 hours by use of a heating mantle.
l.(b) Exchange of cK-Deuteriocyclooctylmagnesium Chloride with
Mercuric Bromide
The reaction mixture from l.(a) was transferred under nitro­
gen pressure to a dry three-neck 1-liter flask equipped with a motor 
driven stirrer. Unreacted magnesium turnings were left in the ori­
ginal flask. When a heterogeneous mixture of mercuric bromide (2 2 .0  g,
0.061* mole) in 1*00 ml of ethyl ether was added to the Grignard solu­
tion from a dry 1-liter dropping funnel, a white precipitate formed.
The m ix tu re  was s t i r r e d  f o r  6 h o u rs  a f t e r  w hich lhO ml o f  0 .5  M a c e t i c  
a c id  was added . The o rg a n ic  l a y e r  was washed s e v e r a l  tim es w ith  w a te r ,  
d r ie d  o v e r magnesium s u l f a t e ,  and c o n c e n tra te d  by r o ta r y  e v a p o ra tio n . 
The c ru d e  c r y s t a l s  o f  a -d e u te r io c y c lo o c ty lm e rc u r ic  brom ide were r e ­
c r y s t a l l i z e d  from  a c e to n e -w a te r  to  g iv e  12 .5  g o f  w h ite  n e e d le s ,  mp 
97-98° ( l i t  9 9 .2- 9 9 .9 ° , 6 98- 99°  a ) . The nmr spec trum  showed b ro ad  un­
re s o lv e d  m u l t ip l e t s  a t  6 2 .2  ( b e ta  h y d ro g en s) and 6 1 .6  (rem a in d e r o f  
r in g  hydrogens a s  found p r e v io u s ly 6) ;  how ever, th e  b road  m u l t ip l e t  a t  
6 3 .2  (a lp h a  h y d ro g en s) was g r e a t ly  reduced  in  s i z e .  C a lc u la t io n s  
based  on an e x te r n a l  s ta n d a rd  showed th e  compound to  be 71$  d e u te r a te d  
a t  th e  a lp h a  p o s i t i o n .
1.(c) Oxygenation of af-Deuteriocyclooctylmagnesium Chloride 
Cyclooctylmagnesium chloride was prepared from 1 .3  g of ot~
d e u te r lo c y c lo o c ty l  c h lo r id e  (5 4 $  d e u te r a te d )  a cc o rd in g  to  th e  p ro ce ­
d u re  o f  l . ( a )  w ith  a  7-h o u r  r a t h e r  th a n  a  12-h o u r r e f lu x  p e r io d .
Oxygen was bu b b led  th ro u g h  th e  r e a c t io n  m ix tu re  f o r  10 m in u te s , 
c au s in g  th e  s o lu t io n  to  lo s e  i t s  g re e n  c o lo r .  A f te r  d ropw ise  a d d i­
t i o n  o f  1 .8  ml o f  s a tu r a te d  ammonium c h lo r id e  s o lu t io n ,  th e  e th e r  
l a y e r  was d e ca n te d  from  th e  p r e c i p i t a t e d  s a l t s ,  washed w ith  w a te r ,  
d r ie d  o v e r magnesium s u l f a t e ,  and c o n c e n tra te d  by r o ta r y  e v a p o ra tio n . 
A f te r  b e in g  h e a te d  a t  40° u n d e r vacuum ( 2 .5  mm) f o r  s e v e ra l  h o u rs ,  
th e  r e s id u e  was found to  c o n ta in  94$  c y c lo o c ta n o l- 1-.d (0 .3  g , 30$ 
y ie ld )  by gc a n a ly s i s .  The nmr sp ec tru m  in d ic a te d  59$ d e u te r a t io n  by 
i n t e r n a l  s ta n d a rd  and 61$ by e x te r n a l  s ta n d a rd .
2 . (a )  P r e p a r a t io n  o f  of-D euteriocyclohexylm agnesium  Bromide 
c r-D eu te r io cy c lo h ex y l brom ide ( 0 . 5  g , 0 .0 0 3  m ole , 84$ deu­
te r a t e d )  was mixed w ith  magnesium tu r n in g s  (0 . 6  g , 0 .0 3  g-atom ) in
5 ml o f  THF u n d er a  n i t r o g e n  a tm osphere  in  a  d ry  th re e -n e c k  50-m l 
f l a s k  equ ipped  w ith  m ag n etic  s t i r r e r ,  d ro p p in g  f u n n e l ,  and therm o­
m e te r . A f te r  i n i t i a t i o n  o f  th e  r e a c t io n  by a d d i t io n  o f  an io d in e  
c r y s t a l ,  more brom ide ( 1 .8  g , 0 .0 1 1  m ole) in  20 ml o f  THF was g ra d u a lly  
added w h ile  th e  r e a c t io n  te m p e ra tu re  was m a in ta in ed  below  30° •  T^e 
r e a c t io n  m ix tu re  was th e n  s t i r r e d  a t  room te m p e ra tu re  f o r  3 h o u rs .
2 ; ( b )  P r e p a r a t io n  o f  a f-D eu te r lo cy c lo h ex y lm ercu ric  Bromide
The s o lu t io n  o f  a -d e u te r lo cy c lo h e x y lm a g n es iu m  brom ide in  
THF was t r a n s f e r r e d  by s y r in g e  to  a n o th e r  50-m l 3-n e c k  f l a s k  p ro te c te d
from  m o is tu re  by a  n i t r o g e n  a tm o sp h e re . M ercu ric  brom ide ( 5.1  g ,
0 .0 1 4  m ole) d is s o lv e d  i n  10 ml o f  THF was s lo w ly  added o v e r a  115-  
m inu te  p e r io d .  The r e a c t io n  m ix tu re  was s t i r r e d  o v e rn ig h t and th e n  
poured  in to  220 ml o f  0 .7 5  M a c e t i c  a c id  in  a  s e p a ra to ry  fu n n e l .  The 
m ix tu re  was e x tr a c te d  fo u r  tim e s  w ith  20-m l p o r t io n s  o f  ch lo ro fo rm .
The ch lo ro fo rm  e x t r a c t s  w ere washed w ith  w a te r ,  d r ie d  o v e r magnesium 
s u l f a t e ,  and f i l t e r e d .  C h lo ro fo rm  was removed by r o ta r y  e v a p o ra tio n , 
and th e  c ru d e  c r y s t a l s  w ere r e c r y s t a l l i z e d  from  a c e to n e -w a te r  to  g iv e
0 . 8  g ( 20$) o f  a -d e u te r io c y c lo h e x y lm e rc u r ic  brom ide (mp 138- 11»0 o , 
l i t 54 141-142° f o r  c y c lo h e x y lm e rc u ric  b ro m id e ). Nmr a n a ly s is  showed 
b ro ad  u n re so lv ed  a b s o rp t io n s  a t  6 2 .0  ( b e ta  h yd rogens) and 6 1 .6  
(gamma and d e l t a  h y d ro g en s) as  found in  th e  u n d e u te ra te d  compound. 
However, th e  m u l t i p l e t  a t  5 3 .2  (a lp h a  h yd rogens) was a lm o st a b s e n t ,  
and th e  compound was c a lc u la t e d  to  be 92#  d e u te r a te d .
3 . ( a )  P r e p a ra t io n  o f  a -D eu terio cy c lo h ex y lm ag n es iu m  C h lo rid e
a -D e u te r io c y c lo h e x y l c h lo r id e  from  r e a c t io n  2 . ( b )  was d i ­
lu te d  w ith  p e n ta n e , washed w ith  s a tu r a te d  aqueous sodium  b ic a rb o n a te  
and w a te r ,  d r ie d  o v e r ca lc iu m  c h lo r id e ,  c o n c e n tra te d  by r o ta r y  eva­
p o r a t io n ,  and d i s t i l l e d  a t  15 mm to  remove any t r a c e s  o f  hydrogen 
c h lo r id e .  The same equ ipm ent was u sed  a s  in  r e a c t io n  l . ( a )  ex cep t 
t h a t  a  m otor d r iv e n  s t i r r e r  was s u b s t i t u t e d  f o r  th e  m agnetic  s t i r r e r .  
a -D e u te r io c y c lo h e x y l c h lo r id e  (0 . 5  g , 0 .0 0 4  m o le , 92# d e u te r a te d )  was 
m ixed w ith  magnesium tu rn in g s  (3*0  g ,  0 .1 2  g -a tom ) in  20 ml o f  e th y l  
e th e r  u n d e r a  n i t r o g e n  a tm o sp h e re . The r e a c t io n  was i n i t i a t e d  by ad­
d i t i o n  o f  a  few d ro p s o f  m eth y l io d id e  a f t e r  w hich th e  s o lu t io n  tu rn e d
l»6
g re e n , fo llo w ed  by fo rm a tio n  o f  a  g ray  p r e c i p i t a t e .  The r e a c t io n  mix­
tu r e  was re f lu x e d  by u se  o f  a  h e a t in g  m a n tle  d u r in g  a d d i t io n  o f  th e  
rem ain in g  c h lo r id e  (4 .5  g , O.O37  m ole) in  100 ml o f  e th y l  e t h e r .  The 
n i t r o g e n  p re s s u re  was r e l e a s e d ,  th e  r e a c t io n  m ix tu re  was p r o te c te d  
w ith  a  c a lc iu m  c h lo r id e  d ry in g  tu b e ,  and r e f lu x  was c o n tin u e d  f o r  6 
h o u rs .
3 . ( b ) Exchange o f  o -D eu te rio cy c lo h ex y lm ag n esiu m  C h lo rid e  w ith
M ercu ric  Bromide
The r e a c t io n  m ix tu re  from  3 * (a ) was t r a n s f e r r e d  un d er n i t r o ­
gen p re s s u re  to  a  d ry  th re e -n e c k  1- l i t e r  f l a s k  equ ip p ed  w ith  a  m otor 
d r iv e n  s t i r r e r .  U n reac ted  magnesium tu rn in g s  w ere l e f t  in  th e  o r i ­
g in a l  f l a s k .  M ercu ric  brom ide (1 1 .8  g , O.33  m ole) in  25 ml o f  THF 
was added d ro p w ise , c a u s in g  fo rm a tio n  o f  a  w h ite  p r e c i p i t a t e .  A f te r  
8 h o u rs ,  105 ml o f  0 .5  M a c e t i c  a c id  was ad d ed . The o rg a n ic  la y e r  
was s e p a ra te d  from  th e  w h ite  p r e c i p i t a t e ,  washed w ith  w a te r ,  d r ie d  
o v er c a lc iu m  c h lo r id e  and c o n c e n tra te d  by r o ta r y  e v a p o r a t io n ,  le a v in g  
1 .5  g o f  c ru d e  c r y s t a l s .  The w h ite  p r e c i p i t a t e  was d is s o lv e d  in  
600 ml o f  ch lo ro fo rm  and washed w ith  th r e e  500-m l p o r t io n s  o f  w a te r . 
Removal o f  th e  c h lo ro fo rm  by r o t a r y  e v a p o ra t io n  l e f t  7 g o f  c ru d e  
c r y s t a l s .  The c ru d e  c r y s t a l s  w ere com bined and r e c r y s t a l l i z e d  from  
w a te r -a c e to n e  to  g iv e  6 g (40$) o f  88$  d e u te r a te d  c y d e u te r io c y c lo h e x y l-  
m e rc u ric  b rom ide, a lm o st c o lo r l e s s  l e a f l e t s ,  mp 141-142° ( l i t 54 l e a f ­
l e t s ,  mp 141-142° f o r  c y c lo h e x y lm e rc u ric  b ro m id e ); nmr (DCC13 ) 8 3*2 
(bm, 0 .1 2  a lp h a  h y d ro g e n s ) , 2 .0  (bm, 3*9  b e ta  h y d ro g e n s ) , 1 .6  (bm,
6 .1  gamma and d e l t a  h y d ro g e n s ) .
C. Preparation and Reactions of a-Deuteriocycloalkylalkali Metal 
Compounds
l . ( a )  P r e p a r a t io n  o f  a -D e u te r io c y c lo o c ty l l i th iu m  from  th e  C h lo rid e
( i )  E ig h te e n -h o u r  R e a c tio n  P e r io d  
a -D e u te r io c y c lo o c ty l  c h lo r id e  ( 1 .4  g , 0 .0 0 9 5  m ole , 75$ deu­
te r a t e d )  was m ixed w ith  l i th iu m  w ire  (0 .1 4  g , 0 .020  g-atom ) in  THF 
(20 m l)-p e n ta n e  (10 m l) a t  -J0°  u n d er an a rg o n  a tm o sp h ere . The re a c ­
t i o n  m ix tu re  was a llo w ed  to  warm to  room te m p e ra tu re  to  i n i t i a t e  th e  
r e a c t io n ,  w hich was in d ic a te d  by th e  y e llo w  c o lo r a t io n  w ith  a  s l i g h t  
c lo u d in e s s .  A f te r  r a p id  re c o o l in g  to  -7 0 °  by im m ersion in  Dry Ic e -  
a c e to n e , th e  r e a c t io n  was c o n tin u e d  a t  -7 0 °  f o r  18 h o u rs . The re a c ­
t i o n  m ix tu re  was drawn in to  a  s y r in g e  and e x p e lle d  o v e r Dry I c e .
E th y l e th e r  (25  m l) and th e n  3 M HC1 (20 m l) w ere added to  th e  m ix tu re . 
The aqueous la y e r  was e x t r a c te d  w ith  20 ml o f  e t h e r ,  w hich was com­
b in ed  w ith  th e  o rg a n ic  l a y e r .  The o rg a n ic  la y e r  was s e p a ra te d  in to  
n e u t r a l  and a c id i c  com ponents by e x t r a c t i o n .  The a c id i c  component 
(0 .1  g) showed th e  nmr sp ec tru m  o f  a -d e u te r io c y c lo o c ta n e c a rb o x y lic  
a c id  w ith o u t any s i g n i f i c a n t  change in  d e u te r a t lo n  compared to  th e  p r e ­
c u rs o r  a c id  from  w hich th e  d e u te r a te d  c h lo r id e  had b een  p re p a re d . The 
n e u t r a l  f r a c t i o n  ( l  g) was a n a ly z e d  by gc (H ew le tt-P ack a rd  700, 10 f t  
Carbowax 20M column a t  70° and 6 f t  Ucon B column a t  1 1 0 ° ). C yclo- 
o c te n e ,  c y c lo o c ta n e , b ic y c lo [ 3 . 3 .0 ]o c ta n e ,  and c y c lo o c ty l  c h lo r id e  
w ere d e te c te d  in  m o lar r a t i o s  o f  1 .0 :1 1 .2 :0 .0 2 :2 4 .8 ,  r e s p e c t iv e ly .  A 
t r a c e  amount o f  1-m e th y lc y c lo h e p te n e  was a l s o  d e te c te d .
( i i )  F o r ty -h o u r  R e a c tio n  P e rio d  
R eac tio n  p ro c e d u re  ( i )  was re p e a te d  ex cep t th e  r e a c t io n  
p e r io d  a t  -7 0 °  was ex ten d ed  from  18 to  I4O h o u rs . The a c id ic  f r a c t i o n  
(0 .1  g) was found a g a in  to  have no s i g n i f i c a n t  change in  d e u te r a t io n  
from  th e  p re c u rs o r  a c id .  Gc a n a ly s i s  o f  th e  n e u t r a l  f r a c t i o n  (1 g) 
d e te c te d  c y c lo o c te n e , c y c lo o c ta n e ,  b ic y c lo [ 3 .3 .0 ] o c ta n e ,  and ot- 
d e u te r io c y c lo o c ty l  c h lo r id e  i n  m o la r r a t i o s  o f  1 .0 :4 .4 :0 .0 4 :1 .7 *  A 
t r a c e  o f  1 -m e th y lcy c lo h ep ten e  was d e te c te d .
l.(b) Preparation of a-Deuteriocyclooctylmercury
a -D e u te r io c y c lo o c ty lm e rc u ry  was o b ta in e d  by sodium s ta n n i t e  
re d u c t io n  by u se  o f  th e  p u b lis h e d  p ro c e d u re  o f  E. E. G re e n .6 Follow ­
in g  re d u c tio n  o f a -d e u te r io c y c lo o c ty lm e rc u r ic  brom ide (10 g , 0 .0 2 2  
m ole , 'J&jo d e u te r a te d ) ,  th e  r e a c t io n  m ix tu re  was e x t r a c te d  w ith  pen- 
ta n e .  The e x t r a c t  was washed w ith  w a te r ,  d r ie d  o v e r MgS04- D r i e r i t e ,  
and c o n c e n tra te d  by r o ta r y  e v a p o ra t io n .  A f te r  th e  r e s id u e  was p laced  
un d er vacuum ( l  mm) f o r  30 m in u te s , 4 g ( 90$>) o f  a - d e u te r io c y c lo o c ty l -  
m ercury was o b ta in e d . A p o r t io n  (0 . 5  g) was r e c r y s t a l l i z e d  from  
a c e to n e -e th y l  a c e ta te  to  y ie ld  a  w h ite  pow der, mp 47-49° ( l i t 8 mp 
4 8 -5 0 ° , mp6 5O -5I 0 ) .  The d ry  powder decomposed to  a  b la c k  s e m iso lid  
w i th in  tw enty  m in u tes  in  th e  p re se n c e  o f  a i r .  The rem a in d er o f  th e  
o r i g i n a l  p ro d u c t ( 3 .5  g) was d i lu t e d  to  20 ml w ith  d ry  p e n tan e  and 
s to re d  o v er D r i e r l t e  in  th e  f r e e z e r .  Nmr a n a ly s i s  showed an a b so rp ­
t i o n  a t  6 1 .6  w ith  a s h o u ld e r  a t  6 1*9 ( l i t 6 6 1 .6  p eak , 6 1 .9  s h o u ld e r ) .  
No a b s o rp tio n  was found i n  th e  o l e f i n  re g io n  o f th e  sp ec tru m , even  upon 
in c r e a s in g  a m p litu d e  by a  f a c t o r  o f  f i v e .
l . ( c )  P r e p a ra t io n  o f  a -D e u te r io c y c lo o c ty l l i th iu m  from  th e  D ia lk y l-
m ercury
( l )  No Complexing Agent 
O -D e u te r io cy c lo o c ty lm e rc u ry  (0 .7 5  S> 0 .0 0 1 7  m ole) in  3 .3  ml 
o f  p e n tan e  was mixed w ith  d is p e r s e d  l i th iu m  (0 .0 6  g , 0 .0 0 9  g-atom ) in  
10 ml o f  p en tan e  u n d er an a rg o n  a tm o sp h ere . C yclodecane (1*8 mg, 0 . 3 -^ 
mmole) in  2 ml o f  p en tan e  was added to  th e  r e a c t io n  m ix tu re  as  an 
I n t e r n a l  s ta n d a rd .  A f te r  18 h o u r s ,  th e  r e a c t io n  m ix tu re  was removed 
by s y r in g e ,  e x p e lle d  o v e r Dry I c e ,  and th e n  decomposed w ith  10 ml o f  
3 M HC1. The o rg a n ic  l a y e r  was s e p a ra te d  in to  a c id ic  and n e u t r a l  
f r a c t i o n s  by e x t r a c t i o n .  An a c id  p ro d u c t was n o t fou n d . 6c a n a ly s is  
(H ew le tt-P ack ard  700, 6 f t  Ucon B column a t  110°) o f  th e  n e u t r a l  
f r a c t i o n  w ith  cy c lo d ecan e  i n t e r n a l  s ta n d a rd  d e te c te d  c y c lo o c te n e  and 
c y c lo o c ta n e  in  78$  and 7$ y i e l d s ,  r e s p e c t iv e ly .  No b ic y c lo o c ta n e  
p ro d u c ts  w ere fou n d . Nmr a n a l y s i s ,  by u se  o f  an e x te r n a l  s ta n d a rd  
w ith  gc d e te rm in a tio n  o f  s ta n d a rd :c y c lo o c te n e  m ole r a t i o ,  in d ic a te d  
1 .1 - 1 .3 h y d ro g en /m o lecu le  a t  th e  o l e f i n i c  p o s i t i o n s .  T h is v a lu e  c o r ­
responded  to  r e t e n t io n  o f  d e u te r iu m  a t  th e  a lp h a  p o s i t io n  and f u r t h e r ­
more in d ic a te d  th a t  l i t t l e  o r  no lo s s  o f  d e u te r iu m  had o c cu rred  in  th e  
p r e p a r a t io n  o f  a -d e u te r io c y c lo o c ty lm e rc u ry . In  acco rd  w ith  th e s e  d a ta  
f o r  th e  p re se n c e  o f  c y c lo o c te n e - l - d ,  th e  l i n e  shape o f  th e  o l e f i n i c  
a b s o rp t io n  a t  6 k .6  was d i f f e r e n t  from  t h a t  in  th e  spec trum  f o r  un- 
d e u te r a te d  c y c lo o c te n e , p ro b a b ly  b ecau se  o f  v i c i n a l  d eu teriu m -h y d ro g en  
c o u p lin g . Ms m easurem ent o f  th e  peak  r a t i o  a t  110 and 111 mass u n i t s  
in d ic a te d  th a t  th e  c y c lo o c te n e - l - j l  was 77$ d e u te r a te d .  The sm all
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amount o f  c y c lo o c ta n e -d  p r e s e n t  in  th e  sam ple made an  a c c u ra te  d e te r ­
m in a tio n  o f  i t s  d e u te r a t io n  d i f f i c u l t ,  b u t a  v a lu e  o f  61$ was o b ta in e d  
by m easurem ent o f  th e  peaks a t  112 and 113 mass u n i t s .
( i i )  T e tra m e th y le th y le n e d ia m in e  (TMEDA) Complexing Agent 
The p ro c e d u re  o f  ( i )  was fo llo w e d  e x c e p t t h a t  TMEDA (1 .1  g ,
O.OO95 m o le ) , d r ie d  by s to ra g e  o v e r c a lc iu m  h y d r id e ,  was added to  th e  
r e a c t io n  m ix tu re  j u s t  b e fo re  a d d i t io n  o f  c x -d e u te r io d ic y c lo o c ty lm e rc u ry . 
E x t r a c t io n  d id  n o t f u r n i s h  an  a c id  d e r i v a t i v e .  6c ,  nm r, and ms a n a ly ­
s e s  o f  th e  n e u t r a l  f r a c t i o n  w ere co n d u cted  a s  d e s c r ib e d  p re v io u s ly  
f o r  ( i ) .  C y clo o cten e  and c y c lo o c ta n e  w ere found i n  y ie ld s  o f  kyfo, 
and 37$ , r e s p e c t iv e ly .  A g a in , a b s o r p t io n  e q u iv a le n t  to  1 .1 - 1 .3  
h y d ro g en s /m o lecu le  was p re s e n t  in  th e  o l e f i n i c  re g io n  o f  th e  nmr 
sp ec tru m . Ms in d ic a te d  78$  d e u te r a t i o n  f o r  c y c lo o c te n e -1 -d  and 70$ 
d e u te r a t io n  o f  c y c lo o c ta n e -d .
l . ( d )  P r e p a r a t io n  o f  o -D e u te r io c y c lo o c ty lso d iu m
The p ro c e d u re  o f  l . ( c ) ( i )  was fo llo w ed  ex ce p t t h a t  d is p e rse d  
sodium  (0 .2  g , 0 .0 0 9  g-atom ) was u sed  in s te a d  o f  l i th iu m . A cid was 
n o t o b ta in e d  by th e  e x t r a c t i o n  p ro c e d u re . The n e u t r a l  f r a c t i o n  was 
a n a ly zed  in  th e  same m anner a s  in  l . ( a ) .  Gc a n a ly s is  d e te c te d  c y c lo ­
o c te n e  and c y c lo o c ta n e  in  55$  and 39$  y i e l d s ,  r e s p e c t iv e ly .  The nmr 
spectrum  in c lu d e d  a b s o r p t io n s  i n  th e  o l e f i n i c  r e g io n  a t  6 k .6  e q u i­
v a le n t  to  1 .8 - 2 .0  h y d ro g e n s /m o le cu le . C o rre sp o n d in g ly , th e  l in e  shape 
o f  th e  o l e f i n i c  a b s o r p t io n  m atched t h a t  o f  an  a u th e n t ic  sam ple o f  
c y c lo o c te n e . Ms a n a ly s i s  in d ic a te d  70$ d e u te r a t io n  f o r  c y c lo o c te n e -d  
and 65$  d e u te r a t io n  f o r  c y c lo o c ta n e - ^ .
2 . (a )  P re p a ra t io n  o f o f-D eu te riocyclohexy lm ercu ry
The p ro ced u re  o f  E. E. G reen6 was fo llo w ed  e x ce p t t h a t  at- 
d e u te r lo c y c lo h e x y lm e rc u r ic  brom ide was u sed  in  p la c e  o f  th e  c y c lo -  
o c ty l  compound. A f te r  r e d u c t io n  o f  a '-d e u te r io c y c lo h e x y lm e rc u r ic  b ro ­
m ide ( 3 .8  g , 0 .0 1  m ole , 88$ d e u te r a te d )  by sodium  s t a n n i t e ,  th e  r e a c ­
t i o n  m ix tu re  was e x tr a c te d  w ith  p e n ta n e . The p en tan e  e x t r a c t  was 
washed w ith  w a te r ,  d r ie d  o v e r MgS04- D r i e r i t e ,  and c o n c e n tra te d  by 
r o ta r y  e v a p o ra t io n . The r e s id u e  was th e n  p la c e d  under a  vacuum (1  mm) 
fo r  30 m inu tes to  g iv e  l . h  g (78$) o f  88$ d e u te r a te d  a f-d e u te r io c y c lo -  
h ex y lm ercu ry ; nmr (C6He) 6 1 .6  (bm w ith  sh o u ld e r  s lo p in g  to  6 1 .8 ) .
The d e u te r a t io n  o f  th e  compound was d e te rm in ed  by exchange o f  th e  
d ia lk y lm e rc u ry  w ith  m e rc u ric  brom ide i n  h o t  e th a n o l54 to  form  a - 
d e u te r io c y c lo h e x y lm e rc u r ic  brom ide w hich was found to  have th e  same 
nmr sp ec tru m  as  th e  p re c u rs o r  a lk y lm e rc u r ic  b rom ide.
2 . (b ) P r e p a ra t io n  o f  o -D eu te rio c y c lo h e x y lso d iu m
d f-D eu teriocyclohexy lm ercu ry  (O .6 5  g ,  0 .1 8  m ole) in  5 ml o f  
p en tan e  was m ixed w ith  d is p e r s e d  sodium  (0 .2  g , 0 .0 0 9  g -a tom ) in  15 ml 
o f  p en tan e  un d er a n i tro g e n  a tm o sp h ere . C y c lo o c tan e  (0 .0 2 h  g ,  0 .1 2  
mmole) was added to  th e  r e a c t io n  m ix tu re  a s  an  i n t e r n a l  s ta n d a rd .
A f te r  18 h o u rs ,  th e  r e a c t io n  m ix tu re  was removed by s y r in g e ,  e x p e lle d  
over Dry I c e ,  and th e n  decomposed by ic e  and 3 M HC1. The o rg a n ic  
la y e r  was e x t r a c te d  w ith  b a s e ,  b u t  no a c id  p ro d u c t was found . Gc 
a n a ly s is  (H ew le tt-P ack ard  700 , 9 .5  f t  A piezon  L column a t  55°  and I 3O0 ) 
o f  th e  n e u t r a l  f r a c t i o n  w ith  c y c lo o c ta n e  i n t e r n a l  s ta n d a rd  found c y c lo ­
hexene and cyclohexane  in  38$ and 22$ y i e l d s ,  r e s p e c t iv e ly .  Nmr
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a n a ly s i s  ( to lu e n e  e x te r n a l  s ta n d a rd  w ith  gc d e te rm in a tio n  o f  to lu e n e : 
cy c lohexene  mole r a t i o )  in d ic a te d  I . 3O - I . 5O h y d ro g en s /m o lecu le  p re s e n t  
in  th e  o l e f i n i c  p o s i t io n .  Ms m easurem ent o f  peaks a t  82 and 83 mass 
u n i t s  in d ic a te d  82$ d e u te r a t io n  o f  cyclohexene-dL  S im ila r ly  by mea­
surem ent o f  peaks a t  84 and 85 mass u n i t s  th e  cy c lo h ex an e-d  was found 
to  be 77$ d e u te r a te d .
D. R ea c tio n s  o f  C y c lo o c ty l H a lid e s  w ith  O rg an o lith iu m  Compounds 
1 . R e a c tio n  w ith  C y c lo o c ty ll i th iu m
C y c lo o c ty ll i th iu m  was p re p a re d  from  th e  c h lo r id e  in  s e v e ra l  
s o lv e n t  system s under a rg o n  a tm o sp h e re , and th e  mole r a t i o s  o f  hydro­
ca rb o n  p ro d u c ts  w ere d e te rm in ed  by gc a n a ly s i s  (H e w le tt-P a c k a rd  700,
6 f t  Ucon B column a t  100° and 7 5 ° ; 9*5 f t  Carbowax 20M column a t  65°  
and 7 5 ° i 6  f t  Carbowax 20M column a t  9 5 ° I 9*5 f t  A piezon L column a t  
9 0 ° ) .  C y c lo o c ty l c h lo r id e ,  c y c lo o c ta n e , c y c lo o c te n e , 1 -m e th y lcy c lo - 
h e p te n e , and b ic y c lo [ 3 . 3 .0 ]o c ta n e  w ere i d e n t i f i e d  by com parison  w ith  
a u th e n t ic  sam ples e i t h e r  p u rch ased  o r  a v a i l a b le  from  p re v io u s  work in  
th e s e  l a b o r a to r i e s .  R e s u lts  o f  gc a n a ly s e s  and p ro d u c ts  o b ta in e d  from  
r e a c t io n s  l . ( a )  th ro u g h  1 . ( i )  a r e  g iv e n  in  T ab le  I I I .  The e x p e r im e n ta l 
p ro c e d u re s  f o r  th e s e  r e a c t io n s  a r e  d e s c r ib e d  below .
l . ( a ) - ( c )  P r e p a ra t io n  o f  C y c lo o c ty l l i th iu m  i n  THF a t  -7 0 °
C y c lo o c ty l c h lo r id e  ( 5 .O g , 0 .0 3 4  m ole) was added to  l i th iu m  
w ire  (0 .4 9  g> 0 .0 7 1  g-atom ) i n  THF (50  m l) a t  - 7 0 ° .  P en tan e  (20 m l) 
was a l s o  added to  th e  r e a c t io n  m ix tu re  to  p re v e n t f r e e z in g  o f  th e  s o lu ­
t i o n .  The m ix tu re  was a llo w ed  to  warm to  room te m p e ra tu re  to  i n i t i a t e
TABLE I I I  A n a ly s is  o f  N e u tra l  F r a c t io n  o f  R eac tio n s  l . ( a ) - ( i )
R ea c tio n  1 . a b c d e f  g h i
S o lv e n t:
THF
E th y l E th e r  
P en tan e
X X X X
X X
X X X
Components*, H ole R a tio
C yclooctene 1 . 0 1 . 0 1 . 0 1 . 0 1 .0 1 . 0  1 . 0  1 . 0  1 . 0
C yclooctane 6 .5 6 .3 6 .4 6 . 1 1 .5 2 .0  0 .6 0  O.ljO 0 .1 4
B icyclo [5«3*O lo c tan e 0 . 1 2 0 . 1 2 0 .1 2 0 .1 3 0 .0 3 0 8 . 5 x 1 0 ” 3  6 . 9 x 1 0 “ 3  6 . 1 x 1 0 - 3  2 . 3 x 1 0 ” 3
1-M e th y lcy c lo h ep t ene t r .* * t r . t r . t r . 3 .0x l0 - 3 1 .2 x l0 "3  4 . 5x l0"3 1 .3 x l0 ‘ 3 3 .IXIO- 3
C y c lo o c ty l C h lo rid e 1+8.5 31-5 19 .5 0 0 .6 7 0 .4 8  6 .7  0
C y c lo o c ty l Bromide — — — — —
0  ........................................................................................
* B ic y c lo [5 . 1 .03o c ta n e  was n o t fo u n d .
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th e  r e a c t io n ,  th e n  r a p id ly  re c o o le d  to  -7 0 ° . A f te r  7 and 18 h o u rs , 
10-m l a l iq u o ts  [d e s ig n a te d  (a )  and ( b ) , r e s p e c t iv e ly ]  o f  th e  r e a c t io n  
m ix tu re  w ere removed by s y r in g e ,  e x p e lle d  o v e r Dry I c e ,  and s e p a ra te d  
in to  a c id ic  and n e u t r a l  f r a c t i o n s  by e x t r a c t i o n .  R e s u lts  o f  gc 
a n a ly s is  o f  th e  n e u t r a l  f r a c t i o n  a r e  g iv e n  in  T ab le  I I I .  C yclo- 
o c ta n e c a rb o x y lic  a c id  (0 .0 3  g ,  0 .2  mmole, y i e ld )  was reco v e red  
from  each  a c id i c  f r a c t i o n .
A f te r  2b  h o u r s ,  a n o th e r  10-m l a l iq u o t  (c )  was removed from 
th e  r e a c t io n  m ix tu re ,  and oxygen was bubb led  th ro u g h  th e  10-m l a l iq u o t  
f o r  10 m in u te s . The s o lu t i o n ,  s t i l l  a t  - 7 0 ° ,  was t r a n s f e r r e d  to  a  
f r e e z e r  and a llo w ed  to  warm to  - 50 o v e r a  o n e -h o u r p e r io d .  S a tu ra te d  
ammonium c h lo r id e  s o lu t io n  was added to  th e  r e a c t io n  m ix tu re , which 
was th e n  d e ca n te d  from  th e  f l a s k ,  d i l u t e d  w ith  20 ml o f  p e n ta n e , washed 
w ith  w a te r ,  d r ie d  o v e r m agnesium  s u l f a t e - D r i e r i t e ,  and c o n c e n tra te d  by 
r o ta r y  e v a p o ra tio n . Gc a n a ly s i s  o f  th e  r e s id u e  i s  g iv e n  in  T ab le  I I I .  
C y c lo o c tan o l was n o t  d e te c te d .
l . ( d )  P r e p a r a t io n  o f  C y c lo o c ty l l i th iu m  in  THF a t  -7 0 °  to  - I 50
C y c lo o c ty l c h lo r id e  (0 .7 5  8 > O.OO5I  m ole) was mixed w ith  
l i th iu m  w ire  (0 .0 7 9  g ,  0 .0 1 ^  g-atom ) in  THF (10 m l) and p en tan e  (2  m l) 
a t  -7 0 ° . The r e a c t io n  m ix tu re  was a llo w ed  to  warm to  - I 50 o v er a  one- 
hour p e r io d . I t  was removed by s y r in g e ,  e x p e l le d  o v e r Dry I c e ,  decom­
posed w ith  3 M HCl, and s e p a ra te d  i n to  a c id i c  and n e u t r a l  components 
by e x t r a c t i o n .  The a c id i c  f r a c t i o n  gave a  r e s id u e  o f  O . I 5 g (~  20$) o f  
3 -c y c lo o c ty lp ro p io n ic  a c id :  nmr (CC14) 6 1 2 .5  ( s ,  1 .0 ,  CO2H ), 2 .3
( t ,  2 .2 ,  J =6 Hz, CH^COs), 1 .6  ( s ,  1 9 , CqHi^CHp). The i r  spectrum  was 
s im i la r  t o ,  b u t d id  n o t m a tch , t h a t  o f  c y c lo o c ta n e c a rb o x y lic  a c id .
l . ( e )  P r e p a ra t io n  o f  C y c lo o c ty l l i th iu m  in  E th e r  from  C y c lo o c ty l 
C h lo rid e
C y c lo o c ty l c h lo r id e  (5*0 S> 0 .0 3 4  m ole) i n  40 ml o f  e th y l  
e th e r  was added o v e r a o n e -h o u r p e r io d  to  d is p e r s e d  l i th iu m  (0 .4 9 5  S>
0 .0 7 1 8  g-atom ) in  10 ml o f  e th y l  e th e r  a t  -3 5 °•  A f te r  5 h o u rs ,  th e  
r e a c t io n  m ix tu re  was removed by s y r in g e ,  e x p e lle d  o v e r Dry I c e ,  decom­
posed w ith  ic e  and 3 M HC1, and s e p a ra te d  in to  a c id ic  and n e u t r a l  
f r a c t io n s  by e x t r a c t i o n .  C o n c e n tra tio n  by r o ta r y  e v a p o ra tio n  r e s u l t e d  
i n  a  r e s id u e  o f  2 .3  g f o r  th e  n e u t r a l  f r a c t i o n  (gc a n a ly s is  in  T ab le  
I I I )  and 0 .4  g f o r  th e  a c id  f r a c t i o n .  Nmr a n a ly s is  o f  th e  a c id  f r a c ­
t i o n  in d ic a te d  a  m ix tu re  o f  c y c lo o c ta n e c a rb o x y lic  a c id  and 3- c y c lo -  
o c ty lp ro p a n o ic  a c id :  nmr (CC14) 6 1 1 .9  (s> 1 * 0 ), 2 .3 6  (m, 1 .5 )>  1*6
( s  w ith  a sh o u ld e r  a t  1 . 9 , 17 ) .
l . ( f )  P r e p a ra t io n  o f  C y c lo o c ty l l i th iu m  in  E th y l E th e r  from C yclo­
o c ty l  Bromide
C y c lo o c ty l brom ide (2 .0  g ,  0 .0 1 1  m ole) in  20 ml o f  e th y l
e th e r  was added to  d is p e r s e d  l i th iu m  (0 .1 7  g ,  0 .0 2 5  g-atom ) in  e th y l
e th e r  (10 m l) a t  -35°» R e a c tio n  and w ork-up p ro c e d u re s  were th e  same
a s  d e sc r ib e d  in  l . ( e ) .  R e s u l ts  from  gc a n a ly s i s  o f  th e  n e u t r a l  f r a c ­
t i o n  ( l  g) a re  g iv en  i n  T a b le  I I I .  No a c id  was re c o v e re d  from  th e  r e ­
a c t io n .
l . ( g )  P re p a ra t io n  o f  C y c lo o c ty l l i th iu m  i n  P en tan e  a t  Room Tempera 
tu r e
C y c lo o c ty l c h lo r id e  ( 1 .5  S> 0 .0 1 0  m ole) i n  5 ml o f  p en tan e  
was mixed w ith  l i th iu m  w ire  (0 .5 0  g ,  0 .0 7 0  g -atom ) in  10 ml o f  p en tan e
C y c lo o c ty l c h lo r id e  (3 .5  g ,  0 .0 2 4  m ole) in  p en tan e  (35  m l) was added 
o v e r a  45-m in u te  p e r io d  a t  room te m p e ra tu re . A f te r  12 h o u r s ,  th e  
r e a c t io n  m ix tu re  was removed by s y r in g e ,  e x p e lle d  o v e r Dry I c e ,  de­
composed w ith  i c e  and th e n  3 M HC1, and s e p a ra te d  in to  a c id i c  and 
n e u t r a l  f r a c t i o n s  by e x t r a c t i o n .  Gc a n a ly s is  o f  th e  n e u t r a l  f r a c ­
t i o n  (2 .0  g) i s  summarized i n  T ab le  I I I .  An a c id  p ro d u c t was n o t 
o b ta in e d .
l . ( h )  P r e p a r a t io n  o f  C y c lo o c ty ll i th iu m  in  P en tan e  a t  R eflu x
C y c lo o c ty l c h lo r id e  (10 g , 0 .0 6 8  m ole) in  p e n ta n e  (100 m l) 
was added o v e r  a  4 -h o u r p e r io d  to  l i th iu m  w ire  (O .9 7  g ,  0 .1 4  g-atom ) 
in  p e n tan e  (10 m l) .  R e flu x  was m a in ta in e d  by a h e a t in g  m a n tle  d u r in g  
th e  a d d i t io n  and su b seq u en t 1 8 -hou r r e a c t io n  p e r io d .  The w ork-up 
d e s c r ib e d  in  l . ( g )  was fo llo w e d . No a c id  was o b ta in e d . The n e u t r a l  
f r a c t i o n  (6 .0  g) was a n a ly z e d  by gc (T ab le  I I I ) .
l . ( i )  P r e p a r a t io n  o f C y c lo o c ty ll i th iu m  in  P en tan e  w ith  L ith iu m  
D is p e r s io n
C y c lo o c ty l c h lo r id e  (5 .0  g , 0 .0 3 4  m ole) in  p e n tan e  (50  m l) 
was added o v e r  a  2-h o u r  p e r io d  to  d is p e r s e d  l i th iu m  (0 .4 9 7  g> 0 .0 7 1 8  
g -a tom ) in  p e n ta n e  (10 m l) .  R e flu x  was m a in ta in e d  by a  h e a t in g  m a n tle  
d u rin g  th e  a d d i t io n  and su b seq u en t 6 -h o u r  r e a c t io n  p e r io d .  The work­
up p ro c e d u re  d e s c r ib e d  in  l . ( g )  was fo llo w e d . An a c id  was n o t ob­
ta in e d .  Gc a n a ly s i s  o f  th e  n e u t r a l  f r a c t i o n  (1 .1  g ) i s  g iv e n  in  
T ab le  I I I .
2 . (a )  R e a c tio n  w ith  s e c -B u ty l l l th lu m  In  E th y l E th e r  S o lv e n t
s e c - B u ty ll l th lu m  (0 .6 6  g , 0 .0 1 0  m ole) In  p e n tan e  (8  m l) was 
added to  20 m l.o f  e th y l  e th e r  a t  -3 5 °  under an  a rg o n  a tm o sp h ere . The 
te m p e ra tu re  was m a in ta in e d  a t  **33° d u rin g  th e  a d d i t io n  o f  c y c lo o c ty l  
c h lo r id e  ( 1 .3  g , 0 .0 1 0  m ole) and th e  su b seq u en t 6 -h o u r r e a c t io n  p e r io d .  
The r e a c t io n  m ix tu re  was poured  o v e r Dry I c e ,  decomposed w ith  3 M HC1, 
and s e p a ra te d  in to  n e u t r a l  and a c id ic  f r a c t i o n s .  Gc a n a ly s i s  (H e w le tt-  
P ackard  700 , 9*5 f t  Ucon B column a t  110°; 9*5 f t  Carbowax 20M column 
a t  75°) o f  th e  n e u t r a l  f r a c t i o n  ( 1 .4  g) d e te c te d  c y c lo o c te n e ,  c y c lo ­
o c ta n e ,  b ic y c lo [ 3 .3 .0 ] o c ta n e ,  and c y c lo o c ty l  c h lo r id e  in  1 .0 :0 .5 5 ! ”
0 . 125 : 8 .9  mole r a t i o s ,  r e s p e c t iv e ly .
2 . ( b )  R e a c tio n  w ith  s e c B u ty ll i th iu m  Complexed w ith  T e tra m e th y l-  
e th y le n e d ia m in e  (TMEDA)
TMEDA (6 .3 5  St O.O55 m ole) was added to  s e c - b u ty l l i th iu m  
( 3 .5  g , O.O55 m ole) in  hexane (30  m l) a t  1 0 ° . A d d itio n  o f  c y c lo o c ty l  
c h lo r id e  (2 .0  g , 0 .0 1 4  m ole) was added to  th e  deep re d  s o lu t io n  c a u s in g  
i t  to  r e f lu x  and to  change c o lo r  to  l i g h t  red  and th e n  to  y e llo w . The 
r e a c t io n  m ix tu re  was s t i r r e d  f o r  one hour a t  room te m p e ra tu re , poured 
o v e r Dry I c e ,  and decomposed w ith  3 M HC1. S e p a ra t io n  by e x t r a c t i o n  
p ro v id e d  an 0 .8  g n e u t r a l  f r a c t i o n .  Gc a n a ly s is  (H e w le tt-P a c k a rd  700,
9 .5  f t  A piezon L column a t  105°; 9*5 f t  Carbowax 20M colum n a t  9 5°) de­
t e c t e d  c y c lo o c te n e ,  c y c lo o c ta n e , and b ic y c lo [ 3 .3 .0 ] o c ta n e  in  1 .0 :0 . 19 : -
0 .0 7 5  m ole r a t i o s ,  r e s p e c t iv e ly .  1 -M e th y lcy c lo h ep ten e  was p re s e n t  in  
t r a c e  am ounts. B ic y c lo [ 5 .1 .0 ]o c ta n e  was n o t d e te c te d .
3 . R e a c tio n  w ith  B u ty ll i th lu m  Complexed w ith  TMEDA
The p ro c e d u re  In  2 . ( b )  was fo llo w ed  e x ce p t t h a t  th e  amounts 
o f  re a g e n ts  w ere red u ced  by o n e -h a lf  and b u ty l l i th lu m  was used  In  
p la c e  o f  s e c - b u ty l l l th lu m . R e a c tio n  upon a d d i t io n  o f  c y c lo o c ty l  
c h lo r id e  was n o t so  v ig o ro u s  w ith  b u ty l l i th lu m  a s  w ith  s e c - BuLl and 
th e  m ix tu re  rem ained  l i g h t  y e llo w  d u rin g  th e  p ro c e d u re . Gc a n a ly s is  
[same a s  2 . ( b ) ]  o f  th e  n e u t r a l  f r a c t i o n  (0 .6  g) d e te c te d  c y c lo o c te n e , 
c y c lo o c ta n e ,  b ic y c lo [ 5 . 5 .0 ]o c ta n e  in  1 .0 :0 .0 6 :0 .1 0  m ole r a t i o s ,  r e ­
s p e c t iv e ly .  1 -M eth y lcy c lo h ep ten e  was p re s e n t  In  t r a c e  am ount, b u t 
b i c y c l o [ 5 . 1 . 0 ]o c ta n e  was n o t d e te c te d .
E . M isc e lla n eo u s  C o n tro l E xperim ents
1 . P r e p a ra t io n  o f  C ycloocty lm agnesium  C h lo rid e
C y c lo o c ty l c h lo r id e  (20 g , 0 .4 ^  m ole) was added to  magnesium 
tu r n in g s  (21  g , 0 .8 7  g -a tom ) in  75 ®1 o f  e th y l  e th e r  u n d e r a  n i t r o g e n  
a tm o sp h ere . The m ix tu re  was s t i r r e d  by a m agnetic  s t i r r e r  and h e a te d  
to  r e f lu x .  R e a c tio n  was I n i t i a t e d  by th e  a d d i t io n  o f  a  c r y s t a l  o f  
io d in e .  C y c lo o c ty l c h lo r id e  (90 g ,  0 .6 1  m ole) in  I 500 ml o f  e th y l  
e th e r  was add ed , and th e  m ix tu re  was re f lu x e d  fo r  an a d d i t io n a l  36 
h o u rs .  The r e a c t io n  m ix tu re  was poured  o n to  ex cess  Dry Ic e  and decom­
posed  by th e  a d d i t io n  o f  I 50 ml o f  6 M HCl. The e th e r  la y e r  was sep a ­
r a t e d  and washed w ith  w a te r  and w ith  0 .9  M NaOH. The b a s ic  w ash ings 
w ere e x t r a c te d  w ith  e th y l  e t h e r ,  a c i d i f i e d  to  pH 4 w ith  6 M HCl, and 
e x t r a c te d  w ith  p e n ta n e . The p en tan e  la y e r  was washed w ith  w a te r ,  
d r ie d  o v e r MgS04- D r i e r i t e ,  and e v ap o ra te d  to  y ie ld  50 g ( k j $) o f
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c y c lo o c ta n e c a rb o x y llc  a c id ,  w hich was i d e n t i f i e d  by i t s  nmr sp ec tru m .
The e th e r  l a y e r  w hich had been  washed w ith  0 .9  M NaOH was e x t r a c te d  
w ith  w a te r ,  d r ie d  o v e r CaCl2 , and e v a p o ra te d  to  g iv e  25  g o f  hydro ­
c a rb o n  r e s id u e .  Gc a n a ly s is  (Beckman GC-5 , 8 f t  A p iezon  L column a t  
100° )  d e te c te d  c y c lo o c te n e  and c y c lo o c ta n e  in  th e  m ole r a t i o  1 .0 :0 . 9 3 * 
r e s p e c t iv e ly .  B lc y c lo o c ta n e s  w ere n o t p r e s e n t ,  and no o th e r  gc peaks 
ap p ea red  a f t e r  th e  c y c lo o c ta n e  p e ak , a lth o u g h  th e  colum n te m p e ra tu re  
was in c re a s e d  to  170°  f o r  30 m in u te s .
2 . P r e p a r a t io n  o f  C ycloocty lm agnesium  Bromide
C y c lo o c ty l brom ide ( 7 .0  g ,  O.O37  m ole) was added to  magnesium 
tu rn in g s  (18 g , 0 .7 4  g-atom ) in  20 ml o f  THF. The m ix tu re  was s t i r r e d  
by a  m ag n etic  s t i r r i n g  b a r ,  and r e a c t io n  began  im m ed ia te ly  a s  shown by 
a  g re e n ish -b ro w n  c o lo r .  A d d it io n a l  c y c lo o c ty l  brom ide (4-3 g* 0 .2 2  m ole) 
i n  480 ml o f  THF was added o v e r a  3 "hour p e r io d  w h ile  th e  r e a c t io n  tem­
p e r a tu r e  was m a in ta in e d  below  33° .  The r e a c t io n  m ix tu re  was co o led  to  
20° an d , a f t e r  I 5 h o u rs ,  was pou red  o v e r an  ex ce ss  o f  Dry I c e .  A s o lu ­
t i o n  o f  ammonium c h lo r id e  (6  M, 100 m l) was added to  th e  THF s o lu t io n ,  
w hich was th e n  washed 4 tim es  w ith  100-m l p o r t io n s  o f  e th y l  e t h e r .  The 
e th e r  e x t r a c t s  w ere combined and washed 4 tim es  w ith  100-m l p o r t io n s  o f  
w a te r .  A c id ic  and n e u t r a l  f r a c t i o n s  w ere s e p a ra te d  by e x t r a c t i o n .
The a c id i c  f r a c t i o n  was d i s t i l l e d  to  g iv e  16 g (41$) o f  c y c lo o c ta n e ­
c a rb o x y llc  a c id ;  bp IO9- I IO 0 ( 0 .6  mm). C o n c e n tra tio n  o f  th e  n e u t r a l  
f r a c t i o n  by r o ta r y  e v a p o ra tio n  gave 2 .2  g o f  n o n -a c id ic  p ro d u c t .  Gc 
a n a ly s is  (Beckman GC-5  8 f t  A piezon L column a t  100°) showed c y c lo ­
o c te n e  and c y c lo o c ta n e  p re s e n t  in  th e  m ole r a t i o  1 . 0 : 2 . 8 .
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B ic y c lo o c ta n e s  w ere n o t p r e s e n t ,  and no o th e r  gc peaks ap p ea red  a f t e r  
th e  one f o r  c y c lo o c ta n e , a lth o u g h  th e  colum n te m p e ra tu re  was r a i s e d  to  
120° f o r  I4O m in u te s , th e n  to  170°  f o r  19 m in u te s .
3 . P r e p a ra t io n  o f  C y c lo o c ty ll i th iu m  by Exchange w ith  D ic y c lo o c ty l-  
m ercury
R e a c tio n s  w ere co nducted  u n d er an  a rg o n  a tm o sp h ere , and hyd ro ­
ca rb o n  p ro d u c ts  w ere a n a ly zed  by gc (H e w le tt-P a c k a rd  JOO In s tru m e n t,
9 .5  f t  A piezon L column a t  9 5 ° )•  B ic y c l lc  and r in g - c o n t r a c te d  p ro d ­
u c ts  w ere n o t d e te c te d  in  th e s e  r e a c t io n s .
3 . (a )  R e a c tio n  in  P en tan e  S o lv e n t
D ic y c lo o c ty lm e rc u ry  (0 .8 0  g , 0 .0 0 1 9  m ole) d is s o lv e d  in  8  ml 
o f  p en tan e  was added to  d is p e r s e d  l i th iu m  (0 .0 8  g ,  0 .0 1 1  g -atom ) in  3 
ml o f  p e n ta n e , and th e  m ix tu re  was s t i r r e d  f o r  3 h o u rs .  The r e a c t io n ,  
m ix tu re  was poured  o v e r Dry I c e ,  decomposed w ith  i c e  and 3 M HCl, and 
s e p a ra te d  in to  n e u t r a l  and a c id i c  f r a c t i o n s  by e x t r a c t i o n .  No a c id  
p ro d u c t was fou n d . Gc a n a ly s i s  o f  th e  n e u t r a l  f r a c t i o n  re v e a le d  th e  
mole r a t i o  o f  c y c lo o c te n e :c y c lo o c ta n e  to  be 1 .0 :0 . 1 .
3 . ( b )  R e a c tio n  in  E th y l E th e r
D ic y c lo o c ty lm e rc u ry  (0 .6 0  g , 0 .0 0 1 3  m ole) i n  6 ml o f  p en tan e  
was added to  d is p e r s e d  l i th iu m  (0 .0 6  g ,  0 .0 0 8  g -a tom ) i n  30 ml o f  
e th e r  a t  -7 0 ° . The m ix tu re  was s t i r r e d  f o r  18 h o u rs  a t  - 7 0 ° ,  poured  
o v er Dry I c e ,  and s e p a ra te d  in to  a c id i c  and n e u t r a l  f r a c t i o n s  by ex­
t r a c t i o n .  No a c id  p ro d u c t was fou n d . C y c lo o c ten e  and c y c lo o c ta n e  w ere 
d e te c te d  in  a  1 .0 : 1 . If m ole r a t i o ,  r e s p e c t i v e l y ,  by gc a n a ly s i s  o f  th e  
n e u t r a l  f r a c t i o n .
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3 . ( c )  R e a c tio n  in  THF-Pentane
The p ro c e d u re  o f  r e a c t io n  3 . ( b )  was fo llo w e d  e x c e p t t h a t  a 
mixed s o lv e n t  o f  THF (10 ml) and p en tan e  (15 m l) was u sed  In  p la c e  o f 
e th y l  e t h e r .  No a c id  p ro d u c t was I s o l a t e d .  Gc a n a ly s i s  d e te c te d  
c y c lo o c te n e  and c y c lo o c ta n e  In  a 1 .0 : 1 .4  m ole r a t i o ,  r e s p e c t i v e l y .
3 . ( d )  R e a c tio n  In  H exam ethylphosphoram ide (HMPA)-Pentane
D ic y c lo o c ty lm e rc u ry  (0 .6 0  g ,  O.OOI3 m ole) In  5 ml o f  p en tan e  
was added to  d is p e r s e d  l i th iu m  (0 .0 6  g ,  0 .0 0 8  g -atom ) In  a  s o lu t io n  o f 
HMPA (0 .9 3  g> O.OO52 m ole) and 10 ml p e n ta n e . The rem a in d e r o f  th e  
p ro c e d u re  fo llo w e d  t h a t  o f  r e a c t io n  3 . ( a ) .  No a c id  p ro d u c t was found . 
Gc a n a ly s is  o f  th e  n e u t r a l  f r a c t i o n  d e te c te d  c y c lo o c te n e  and c y c lo ­
o c ta n e  In  a  1 . 0 :6 2  m ole r a t i o ,  r e s p e c t iv e ly .
V. SUMMARY
T ra n sa n n u la r  r e a c t io n s  o c cu r in  medium r in g  (8 -1 1  carb o n  
atom s) carbonium  io n ,  r a d i c a l ,  and c a rb e n e  p ro c e s s e s .  By u se  o f  
s e v e r a l  d e u te r iu m  la b e l le d  c y c lo o c ty lm e ta l  com pounds, th e  p o s s i b i l i t y  
o f  t r a n s a n n u la r  rea rran g em en t o r  e l im in a t io n  r e s u l t i n g  from  a c a rb an - 
io n ic  in te rm e d ia te  h as  been  in v e s t ig a te d .  D e r iv a t iv e s  w ere p re p a red  
from  o - d e u te r io c y c lo o c ty l  c h lo r id e  th ro u g h  th e  a lkylm agnesium  c h lo r id e  
and a lk y l l i th lu m  w ith o u t lo s s  o f  d e u te r iu m  from  th e  a lp h a  p o s i t i o n . • 
R e a c tio n  o f  o f -d e u te r io c y c lo o c ty ll i th iu m  i n  p e n tan e  r e s u l t s  in  form a­
t io n  o f  c y c lo o c te n e - l-d ,,  b u t a -d e u te r io c y c lo o c ty ls o d iu m  in  p en tan e  
s o lv e n t  g iv e s  c y c lo o c te n e - ^ ,  i n  w hich th e  d e u te r iu m  h as  been  scram bled  
from  th e  a lp h a  p o s i t i o n .  T hus, in c r e a s in g  io n ic  c h a r a c te r  o f  th e  
c a rb o n  m e ta l bond in  th e  s e r i e s  Mg <  L i <  Na f i n a l l y  le a d s  to  c a rb an - 
io n ic  re a rra n g em e n t in  th e  c a se  o f  c y c lo o c ty ls o d iu m . A s m a lle r  amount 
o f  re a rra n g em e n t was found in  th e  c a s e  o f  cy c lo h ex y lso d iu m . Com pari­
son  o f  th e  am ounts o f  rea rran g em en t found  i n  s ix -  and eight-m em bered  
r in g s  shows th e  fo rm er i s  b e s t  e x p la in e d  by 1 ,2  p ro to n  s h i f t s  and th e  
l a t t e r  by t r a n s a n n u la r  p ro to n  s h i f t s .  T ra n s a n n u la r  e l im in a t io n  from 
c y c lo o c ty lm e ta l  compounds was n o t fo u n d .
O rg an o lith iu m  compounds r e a c t  w ith  c y c lo o c ty l  c h lo r id e  to  
form b ic y c lo [ 3 .3 .0 ] o c ta n e  by a - e l im in a t io n  o f  th e  h a l id e .  The r a t i o  
o f  b lc y c lo o c ta n e :c y c lo o c te n e  fo rm a tio n  was found  to  be a  m easure o f  
th e  ten d en cy  o f  th e  o rg a n o lith iu m  compound tow ard  c a rb a n io n ic  and 
r a d i c a l  r e a c t io n .  The r a t i o  o f  b l c y c l o [ 3 .3 .O ]o c ta n e :c y c lo o c te n e  de­
c re a s e s  from  0 .1 2  to  O.O3 when c y c lo o c ty l l i th iu m  i s  s u b s t i t u te d  f o r
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s e c - b u ty l l l th lu m .  The d e c re a se  in  r e l a t i v e  amount o f  b lc y c lo o c ta n e  
form ed in d ic a te s  t h a t  c y c lo o c ty l l i th iu m  h as  g r e a t e r  tendency  fo r  
r a d i c a l  r e a c t io n  th a n  does s e c - b u ty l l i th iu m .
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APPENDIX I
A n a ly t ic a l  Methods Used in  D e te rm in a tio n  o f  D e u te ra t io n  
in  S p e c i f i c a l ly  L a b e lle d  Compounds
The i n t e r n a l  s ta n d a rd  m ethod f o r  nmr m easurem ent o f  d e u te ra ­
t i o n  o f  a  s p e c i f i c a l l y  la b e l le d  compound and d e te rm in a tio n  o f  p o s s ib le  
rea rra n g em e n t in  p ro d u c ts  has b een  employed p re v io u s ly  by w orkers in  
th e s e  l a b o r a to r i e s .  The method i s  d e s c r ib e d  in  d e t a i l  i n  th e  D is s e r ­
t a t i o n  o f  E. E. G reen9 and was fo llo w e d  in  t h i s  w ork. F o r exam ple, 
in  th e  c a se  o f  o -d e u te r io c y c lo o c ta n e c a rb o x y lic  a c id ,  th e  in te g r a te d  
i n t e n s i t y  o f  th e  a b s o rp tio n  o f  th e  a lp h a  hydrogen  (N^) a t  6 2 . it- i s
compared to  t h a t  o f  th e  h y d ro x y l a b s o r p t io n  (N_„) a t  6 12 .1  to  g iv e
On
th e  amount o f  hydrogen rem ain in g  in  th e  a lp h a  p o s i t i o n .  The p e rc e n t­
age o f d e u te r a t io n  ($D) i s  th e n
$D = 100 -  N^/NqjjCIOO). 1
The u se  o f  an e x te r n a l  s ta n d a rd  in  nmr a s  an  a n a l y t i c a l  method 
has been  rev iew ed  by G. A. Ward. 55 The amount o f  hydrogen  in  a  m ole­
c u la r  p o s i t io n  may be  c a lc u la te d  by
H„ = Nt (Mr /Ms )(R a /R r ) 2
where Ng and N^ a re  th e  number o f  hydrogens a t  a  g iv e n  a b s o r p t io n  o f
th e  sam ple and re f e re n c e  compounds, r e s p e c t i v e l y ,  M /M i s  th e  moler  s
r a t i o  o f  th e  r e fe re n c e  to  th e  sam p le , and and Rg a re  th e  a re a s  o f 
th e  a b s o rp tio n s  as de te rm in ed  by i n t e g r a t i o n .  Then
5to -  io o  -  n s /n s * ( io o )  5
where N ^  i s  th e  number o f  hydrogens a t  th e  p o s i t i o n  o f  i n t e r e s t  in
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TABLE A-l
D e u te ra tio n  V alues o f  L a b e lle d  Compounds
Compound
a -D e u te r io c y c lo o c ty l-  
c a rb o x y llc  A cid
a -D e u te r io c y c lo o c ty l
C h lo rid e
a -D e u te r io c y c lo o c ty l-  
m e rc u ric  Bromide
I n t .  S td . 
Hydroxyl H
Ring H
B eta  H
i a
68
76
71
E x t. S td . 
. HCBr3
HCBr3
HCBr3
i a
68
75
70
70
th e  u n d e u te ra te d  compound. Examples o f  compounds f o r  w hich I  have 
c a lc u la te d  $D by b o th  I n t e r n a l  and e x te r n a l  s ta n d a rd s  a r e  g iv e n  In  
T ab le  A - l .  The m ole r a t i o ,  M /M , was de te rm in ed  by w eigh ing  th e  pu re
IT S
compounds In to  an  nmr tu b e . The sam ple was th e n  d i lu te d  w ith  CC14 , 
and TMS was add ed . In  g e n e r a l ,  th e  a ccu racy  o f  th e  method has been  
found to  be w i th in  +3$> and I s  c h ie f ly  l im i te d  by th e  I n te g r a t io n  
m easurem ent. For t h i s  w ork, a  f ig u r e  o f  +5$ h as  been  u sed  a s  a  
good b u t c o n s e rv a tiv e  e s t im a te  o f  th e  acc u ra cy  o f  th e  m easurem ent.
An e x te r n a l  s ta n d a rd  I s  n e c e s sa ry  to  d e te rm in e  th e  amount o f  
d e u te r a t io n  o f  compounds In  a  r e a c t io n  m ix tu re  I f  an  I n t e r n a l  s ta n d a rd  
Is  n o t a v a i l a b l e .  F o r exam ple, In  th e  d eco m p o sitio n  o f  a - d e u te r io -  
c y c lo o c ty la lk a l i  m e ta l compounds to  o l e f i n  and a lk a n e  [R e a c tio n  
IV .C . 1 . ( c ) , pages ^ 9 0 ] ,  an I n t e r n a l  s ta n d a rd  I s  n o t a v a i l a b le  f o r  
m easurem ent o f  th e  d e u te r a t io n  o f  c y c lo o c te n e  p ro d u c t In  th e  o l e f l n l c  
p o s i t i o n .  However, th e  number o f  hydrogens In  th e  o l e f l n l c  r e g io n ,  N ,3
was m easured by a d d i t io n  o f  an e x te r n a l  s ta n d a rd  (m -d ic h lo ro b e n z e n e ) ,
d e te rm in a tio n  o f  th e  M .M r a t i o  by gc a n a ly s is  (H e w le tt-P a c k a rd  700,r  3
6 f t  Ucon B column a t  1 1 0 ° ) , and use  o f  e q u a tio n  2 . V alues f o r  th e  
number o f  hydrogens in  th e  o l e f l n l c  r e g io n  f o r  th e  p ro d u c ts  from  th e  
r e a c t io n  o f  o -d e u te r io c y c lo o c ty lm e rc u ry  (70$  D) w ith  l i th iu m  [ i V . C . l . ( a ) ]  
and from  a c o n t r o l  r e a c t io n  (u n d e u te ra te d  m a te r ia l )  a r e  shown below .
S ta r t i n g  R eagent P ro d u c t
Number o f  H 's  in  
O le f ln lc  P o s i t io n
O -d e u te r io c y c lo -
o c ty lm e rc u ry c y c lo o c te n e -1 -d  1 . 1- 1 .3
e y e lo o c ty lm e rc u ry c y c lo o c te n e 1. 8- 2.0
FIGURE A-l
O le f ln lc  A b so rp tio n  o f  D e u te ra te d  and U n d eu te ra ted  O le f in s
C y c lo o c te n e -1 -d /c y c lo o c te n e  
3 :1  R a tio
Cyc lo h ex en e - l-_d
C y clo o cten e C yclohexene
T2
A q u a l i t a t i v e  m easure o f  th e  d e u te r a t io n  o f  a  compound may 
be o b ta in e d  by th e  e f f e c t  o f  d eu te riu m -h y d ro g en  c o u p lin g  upon th e  
l i n e  shape o f  th e  nmr a b s o r p t io n .  T h is  e f f e c t  i s  found in  b o th  
e y e lo h e x e n e -1 -d  and c y c lo o c te n e -1 -d ,  a s  shown i n  F ig u re  A - l .
FIGURE A-2
Rearrangement in  o-Deuteriocyclohexyisodium by Single 1 ,2  S h ift
Na
1,2S
f
Na,
H
H
e/w
28#
54#
dA/
4 .0 #
FIGURE A -3
R earrangem ent in  cH D eu te rio cy c lo o c ty lso d iu m  by 100# 1 ,2  S h i f t
Na
100?Pl,2S*
2 . IENa H 5D
*Legend 
E means e l im in a t io n .
S means s h i f t*
1 ,2  s p e c i f i e s  p o s i t io n s  in v o lv e d  i n  s h i f t  o r  e l im in a t io n .
APPENDIX I I .
Calculation of Intramolecular Rearrangement
I .  C a lc u la t io n  o f  $  S cram bling
I f  d eu te r iu m  i s  sc ram b led  in  a  compound th e  f r a c t i o n  o f  th e  deu­
te r iu m  a t  any one bond s i t e ,  X, w i l l  be
x m N°* Poriginal__________
No. Bond S i t e s  A v a ila b le
F o r cy clo h ex en e  88$  d e u te r a te d
X -  "  0 ,0 8 8
F or a  p a r t i c u l a r  m o le c u la r  re g io n  th e  amount o f  d e u te r iu m  p r e s e n t ,  Y,
a f t e r  s c ram b lin g  i s
Y -  X • V
w here V = number o f  bond s i t e s  in  th e  m ole­
c u la r  r e g io n .
.* .  F o r o l e f i n  r e g io n  o f  cy c lo h ex en e
Y = 0 .0 8 8  * 2 = 0 .1 8 .
The $  sc ra m b lin g , Z, i s  d e f in e d  a s
No. D . . - -  No. D_ ,„____  original_______ found
L No. D . . , -  Yo r ig i n a l
C o rre sp o n d in g  c a l c u l a t i o n s  f o r  70$ d e u te r a te d  c y c lo o c ta n e  g iv e  Y = 
0 . 10 .
I I .  C a lc u la t io n  f o r  R earrangem ent o f  C yclohexylsod ium , F ig u re  A -2.
A. A ssum ptions
75
1 . Only s in g le  1 ,2  s h i f t s  o c c u r .
2 . h jj/k jj “ 3*5 f o r  e l im in a t io n  o f  sodium  h y d r id e ,  k ^ /k ^  -  
3 -4  f o r  e l im in a t io n  o f  l i th iu m  h y d r id e . 56
3 . The r a t i o  o f  e l im in a t io n  betw een two p o s i t io n s  I s  p ro p o r­
t i o n a l  to  th e  number o f  hydrogen atoms a t  e ach  p o s i t i o n .
* I f  a  d e u te r iu m  atom i s  p r e s e n t ,  a  r a t i o  o f  k ^ /k p  “ 3*5 
i s  u sed  to  c o r r e c t  f o r  th e  is o to p e  e f f e c t .
B. D ata
Deuterium  No. Analysis
Molecular 0 .8 2  ms
O leflnlc, found 0 .6 0  nmr,gc
O leflnlc, original 0 .8 8  nmr
C. C a lc u la t io n s
1 . R e la t io n s h ip s  betw een C yclohexene P ro d u c ts ,  F ig u re  A-3»
©  c +  f  ■ 68$  c o n t r ib u te  to  unscram bled  v a lu e
©  e +  d ■ 32$* c o n t r ib u te  to  scram bled  v a lu e
©  c /d  ■ 3 .5  d eu te r iu m  is o to p e  e f f e c t
0  c / e  ■ 0 .3  No. H a v a i l a b le  f o r  e l im in a t io n
2 . $  R earrangem en t, R
N°* Do r i e i n a l  “ No* Dfound (0 .8 8  -  0 . 60 ) ( 100 )
R **■ ^ o r i g in a l  l ° °  ° ' 88
3 . O le f ln lc  P ro d u c ts  
©  e  +  d -  32
©  c /d  -  3 .5
0  c / e  -  1 /2
©  e /d  -  7
*
C a lc u la te d  from  C .2 .
77
S u b s t i tu t i n g  ©  in to  ©  
d + 7d -  32
d ■ 3 2 /8  -  4 .0
and from  ©
e = 28
©  c /d  = 3 .5
and d ® 4 .0  (a b o v e ) .
T h e re fo re , c = (3 * 5 ) (4 .0 )  
c = 14 
(!) c + f  =» 68 
c ® 14
f  = 54
I I I .  C a lc u la t io n  f o r  1 ,2  R earrangem ent o f  C y c lo o c ty lso d iu m , F ig u re  A-3-
A. A ssum ptions
1 . 100$ s in g le  1 ,2  s h i f t s  o c c u r , R = 100$
2 . Same a s  IIA 2 f o r  cy c lo h ex an e  system
3 . Same a s  IIA3 f ° r  cyclo h ex an e  system
B. C a lc u la t io n s
1 . R e la t io n s h ip s  betw een c y c lo o c te n e  p ro d u c ts  
©  d +  e +  c = 100
©  d /e  -  3 .5
©  d /c  = 0 .5
2 . O le f ln lc  P ro d u c ts  
S u b s t i tu t i n g  ©  and ©  in to  ©
d + d / 3 .5  +  d /0 .5  "  100
3 . 28d -  100
d -  3O.5
(D  d /e  -  3 .5
e ■ 9
Q) d /c  = 0 .5
c « 6 1 .0
3 . S c ram bling
X, Y , and Z a r e  d e f in e d  a s  In  s e c t io n  IA. F o r c y c lo -  
o c ta n e  sy s te m , 1 .0  d e u te r iu m , X = 0 .0 7 1  and Y = 0 .1 4 .
No. Dfound #  d /100  -  0 .3 0
No. Do r i g i n a l No. Dfound 1 .0  -  0 .3  _ 01 q/ 
0.86 Bl*No. Do r i g i n a l -  Y
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